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Abstract
More than 100 million American workers, 7 million workplaces, and
945,000 hazardous chemical products are covered under the Hazard
Communication Standard (HCS), regulated by the Occupational Safety and
Health Administration. There were a total of 1,183,500 recordable non-fatal
illnesses and injuries in private industry workplaces in 2006 resulting in days
away from work. Of these, 19,480 were due to chemicals and chemical products.
In addition, there were a total of 5,703 work-related fatalities in 2006. In 191 of
these, chemicals and chemical products were listed as the primary source of
injury and as the secondary source of injury in 104 cases. The economic impact
of both fatal and non-fatal occupational injuries amounted to $164.7 billion in
2006.
OSHA established the HCS in order to ensure that workers are informed
of the hazardous chemicals with which they work, yet OSHA admits that many
adults may have difficulty reading material that communicates hazards.
Violations of OSHA’s HCS were the third most cited violation in 2007. Since only
12 percent of the adults surveyed in the United States demonstrated Proficient
health literacy, the state of affairs poses a serious problem for hazard
communication, which nurses and nurse practitioners are often responsible for
conveying. Health tasks that require Proficient health literacy include “drawing
abstract inferences, comparing or contrasting multiple pieces of information
iv

within complex texts or documents, or applying abstract or complicated
information from texts or documents”.
Donabedian’s Structure-Process-Outcome framework served as the
conceptual basis for this study. Twelve research studies (nine journal articles and
three doctoral dissertations) published between 1993 and 2003 were reviewed.
None of these studies measured the participants’ literacy level. The purpose of
this single administration, cross-sectional study was to examine literacy levels as
a hypothesized predictor of test scores of employees presenting to the Lakeside
Occupational Medical Center, Downtown Clinic, for a physical examination,
immunization, drug screening, or follow-up appointment. MSDS test scores
served as the dependent variable and were measured by an investigator-made
test consisting of seven passages, taken from seven separate MSDSs for sodium
hypochlorite, each from a different manufacturer. Sodium hypochlorite is
commonly utilized in numerous industries including the janitorial, pulp, paper,
textile, dairy, and water-cooling industries and is known to cause work-related
health effects such as asthma and irritation of the eyes and throat.
Each passage was followed by five multiple choice questions. Literacy
levels were measured utilizing the Short Test of Functional Health Literacy in
Adults (STOFHLA). The readability level of the written material was measured
utilizing the Simplified Measure of Gobbledygook (SMOG) and the FleschKincaid Grade Level (FKGL). The characteristics of age, highest grade level
completed, native language, and job category were measured by a demographic
sheet.

v

The results indicate that there was a significant positive correlation
between the total STOFHLA scores and the total scores on the MSDS test.
Therefore, hypothesis number 1 was supported. Findings on the readability level
of the examples of the MSDSs to the participant’s overall MSDS score were
inconclusive. However, the format of the MSDS, specifically the number of
lines/sentence and the number of words that are 3 syllables or more, may
influence comprehension. Therefore, written hazard communication material
should be written in short sentences and use words less than 3 syllables. This
way the likelihood of the material being understood by the worker will be
increased. Further research aimed at understanding exactly how reading grade
level and sentence structure impacts comprehension of hazardous materials
information is needed.
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Chapter One: Introduction
More than 100 million American workers, 7 million workplaces, and
945,000 hazardous chemical products are addressed by the Hazard
Communication Standard (HCS), which is regulated by the Occupational Safety
and Health Administration (OSHA, 2006a). There were a total of 1,183,500
recordable non-fatal illnesses and injuries in private industry workplaces in 2006
requiring days away from work. Of these, 19,480 were due to chemicals and
chemical products (Bureau of Labor Statistics [BLS], 2007a). In addition, there
were a total of 5,703 work-related fatalities in 2006. Of these, 191 listed
chemicals and chemical products as their primary source of injury, and 104 listed
the same as their secondary source of injury (BLS, 2007b). The economic impact
of these fatal and nonfatal occupational injuries amounted to $164.7 billion in
2006 (BLS, 2007a).
OSHA established the HCS in order to ensure that workers were informed
of the hazardous chemicals with which they work, yet OSHA admits that many
adults may have difficulty reading material that communicates hazard (OSHA,
n.d.). Violations of OSHA’s HCS were the third most cited violation in 2007 (NSC,
2007). Only 12 percent of the adults surveyed in the United States demonstrated
Proficient health literacy (Kutner, Greenberg, Yin, and Paulsen, 2006). Health
tasks that require Proficient health literacy include “drawing abstract inferences,
comparing or contrasting multiple pieces of information within complex texts or
1

documents, or applying abstract or complicated information from texts or
documents” (Kutner et al.). “These data identify limited health literacy as a
population-level problem of enormous proportion, affecting nearly 9 out of 10
English-speaking adults in the United States” (U.S. Department of Health and
Human Services [DHHS], 2010). This state of affairs poses a serious problem for
hazard communication, which nurses and nurse practitioners are often
responsible for conveying.
The purpose of this study was to examine if an association was found
between an employee’s functional health literacy level and their comprehension
of hazardous communication material, such as MSDSs. In particular, this study
examined whether there was an association between an employee’s health
literacy level and his/her score on a Material Safety Data Sheet (MSDS) test
which measured the employee’s comprehension of the material on the test. This
study also examined whether there was an association between the employee’s
score on each example of the MSDS test and the readability level of each
example.
Background
Occupational Illnesses and Injuries
According to the BLS, of the 1,183,500 recordable non-fatal illnesses and
injuries in private industry workplaces in 2006, 19,480 were due to chemicals and
chemical products. The largest number (6,880) of these 19,840 fell under the
category of “chemical products-general” with the greatest number (4,250) being
listed under cleaning and polishing agents—in other words, disinfectants—not
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elsewhere classified (BLS, 2007a). In addition, there were a total of 5,703 workrelated fatalities in 2006. One hundred and ninety-one of these private industrial
workplaces listed chemicals and chemical products as their primary source of
injury and 104 as their secondary source of injury (BLS, 2007b). The average
economic cost of fatal and non-fatal work injuries, per death, in 2006 was $31.1
million without employers’ uninsured costs and $33 million with employers’
insured costs (National Safety Council [NSC], 2008a). According to the NSC,
these costs are a measure of the money spent and income not received due to
work-related accidents, injuries, and fatalities. Cost is another way of measuring
the importance of prevention in work settings (NSC, 2008a).
Hazard Communication Standard
OSHA, in its Safety and health topics: Hazardous and toxic substances,
defines hazardous and toxic substances as “those chemicals present in the
workplace which are capable of causing harm” (OSHA, 2006c). When the Hazard
Communication Standard was revised in 1994, the National Institute for
Occupational Safety and Health (NIOSH) estimated that there were as many as
575,000 hazardous chemical products in the aforementioned workplaces (OSHA,
1994). Twelve years later, that number has increased to more than 945,000
(OSHA, 2006b).
OSHA first promulgated the Hazard Communication Standard (HCS),
29CFR 1910.1200, in 1983 in order to ensure that workers were informed of the
hazardous chemicals with which they work. The purpose of the HCS is “to ensure
that the hazards of all chemicals produced or imported are evaluated, and that
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information concerning their hazards is transmitted to employers and employees”
(OSHA, 1994). The HCS, also known as The Worker Right to Know law, states
that “employees have both a need and a right to know the hazards and identities
of the chemicals they are exposed to when working” (OSHA, 1994). The main
components of the HCS are container labeling, MSDSs, and employee training.
Employers must ensure that labels on the chemical containers are legible, written
in English, and prominently displayed on the container, or readily available during
the employee’s work shift. Since the HCS is a performance-oriented standard,
the employer has the flexibility to adapt the rule to the workplace. In other words,
there are no specific requirements for size, color, or text for labels. Moreover,
although employers must have an MSDS for each hazardous chemical that they
use, there is no OSHA-specified format as long as the required elements are
included. OSHA has developed a non-mandatory MSDS format, OSHA Form
174, which may be utilized to comply with the standard (OSHA, 1986). Although
the MSDS must be in English, OSHA does not specify what the reading level of
the text should be (OSHA, 1994). OSHA admits that many adults may have
difficulty reading hazard communication material and that in addition to this
literacy issue, hazard communication training involves words and concepts that
are not familiar to the average employee, and that are often new to employers as
well (OSHA, n.d.).
OSHA commissioned a report to explore the issue of hazard
communication in general, and MSDSs in particular. (Sattler, Lippy, & Jordan,
1997). This report found that, on average, literate workers understood only about
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60% of the health and safety information on MSDSs associated with the
hazardous chemical. Then-Assistant Secretary of Labor for OSHA, John L.
Henshaw, commenting on the comprehensibility of MSDSs, stated that
…one reason why there are concerns regarding comprehensibility
is that there are multiple audiences for MSDS information—workers,
employers, and safety and health professionals. What may be
comprehensible to an experienced professional in the field of safety and
health may be difficult for an employer or an employee to understand.
(2004)
In order to standardize hazard communication in the United States, OSHA
has proposed to adopt the Globally Harmonized System of Classification and
Labeling of Chemicals (GHS). “Under the GHS, labels would include signal
words, pictograms, and hazard and precautionary statements and safety data
sheets (SDSs)” (OSHA, 2009). According to OSHA, “adoption of the GHS could
also address some of the issues that have been discussed in the U.S. regarding
the HCS and its implementation, such as improving labels and SDS
comprehensibility through implementation of a standardized approach” (2006b).
National Assessment of Adult Literacy
According to the 2003 National Assessment of Adult Literacy (NAAL), a
nationally representative assessment of English literacy among more than
19,000 American adults 16 years and older, 93 million adults had Basic and
Below Basic prose literacy level. Adults with these literacy levels range from
being able to perform only the most simple and concrete literacy tasks to
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performing simple and everyday literacy activities. An example of prose literacy
on the NAAL was finding information in a news article, brochure, or instructional
material (U.S. Department of Education, n.d.). Literacy has been defined as “an
individual’s ability to read, write, and speak in English and compute and solve
problems at levels of proficiency necessary to function on the job and in society,
to achieve one’s goals, and develop one’s knowledge and potential” (National
Institute for Literacy, 1991).
Health literacy has been defined as “the degree to which individuals have
the capacity to obtain, process, and understand basic health information and
services needed to make appropriate health decisions” (Ratzan & Parker, 2000).
Functional health literacy has been defined as “the ability to use reading, writing,
and computational skills at a level adequate to meet the needs of everyday life
situations (Parker, Baker, Williams, & Nurss, 1995).
For the first time, the 2003 NAAL measured health literacy. Only 12
percent of the adults surveyed in the United States demonstrated Proficient
health literacy (Kutner et al., 2006). Health tasks that require Proficient health
literacy include “drawing abstract inferences, comparing or contrasting multiple
pieces of information within complex texts or documents, or applying abstract or
complicated information from texts or documents” (Kutner et al.). “These data
identify limited health literacy as a population-level problem of enormous
proportion, affecting nearly 9 out of 10 English-speaking adults in the United
States” (U.S. DHHS, 2010c). Other findings on the NAAL included that women
had higher health literacy than men, Hispanic adults had lower average health
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literacy than adults in any other racial/ethnic group, adults who spoke only
English before starting school had higher average health literacy than adults who
spoke other languages alone or other languages and English, and that starting
with adults who had graduated from high school or had a GED, the average
health literacy increased with each higher level of educational attainment (Kutner
et al., 2006).
Occupational health literacy would require that workers be able to function
safely on the job and have the capacity to obtain, process, and understand basic
health information such as that found on the MSDS, or the SDS, when the GHS
is implemented. The Institute of Medicine report states that health literacy is a
public concern and that health literacy is of concern to those who address worker
safety and health. It is an issue not only for those workers with limited literacy
skills, but for every worker who is faced with complex or difficult texts at work
(Nielsen-Bohlman, Panzer, Kindig, 2004). An MSDS could easily be considered a
complex and difficult text at work.
According to the NAAL, literacy increased with more education. Eleven
million adults were nonliterate in English. Of these 11 million people, 7 million
could not answer simple test questions and 4 million could not take the test due
to language barriers. Of those in the Prose Below Basic population 55% did not
graduate from high school, 44% did not speak English before starting school,
39% were Hispanic adults, 20% were Black adults, 26% were 65 years or older,
and 21% had multiple disabilities. In terms of age, adults 65 years or older had
the lowest literacy (U.S. Department of Education, n.d.).
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Toossi (2006) states:
The labor force is expected to become even more diverse than it is now.
Minorities, with higher population growth through immigration, higher
fertility rates, and higher labor force participation rates, are projected to
expand their share of the workforce considerably in the future.
This diverse labor force will need to be taken into consideration when
hazard communication materials are devised, training is conducted, and workers
are treated by healthcare professionals, including nurses and nurse practitioners.
The American Association of Occupational Health Nurses
Various health-related organizations have identified research and public
health priorities that have implications for literacy and hazard communication.
The American Association of Occupational Health Nurses (1998) identified
various research priorities. Three of these research priorities have implications
for literacy and hazard communication. These are: strategies that minimize workrelated health outcomes (e.g. respiratory disease); health effects resulting from
chemical exposures in the workplace; and strategies for increasing compliance
with or motivating workers to use personal protective equipment.
The National Institute for Occupational Safety and Health
The National Institute for Occupational Safety and Health (NIOSH), in
partnership with 500 organizations and individuals, established its National
Occupational Research Agenda (NORA) in 1996. In 2006, NORA and its
partners formed a sector-based approach for its research framework. One of the
sectors consists of Transportation, Warehousing, and Utilities (TWU) and
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identified the following priorities: health effects of occupational exposures, worker
health and wellness, health and safety management, and health communication
(NIOSH, 2006). According to NIOSH (2009), over 7 million workers are employed
in this sector and although it only accounts for 5% of workers in the United
States, it accounts for 15% of workplace fatalities. After consideration of public
comments, the TWU Sector Council developed 4 strategic goal areas, one of
which is physical, chemical, biological and psychosocial exposures (NIOSH,
2009).
Healthy People 2010 and 2020
The Healthy People Consortium, an alliance of 350 national organizations
and 250 state agencies, developed the Healthy People 2010 objectives (U.S.
DHHS, 1996). From these objectives, chapters were developed. Chapter 11 of
Healthy People 2010 is devoted to health communication and Chapter 20 to
occupational safety and health. The main goal of Chapter 11 is to “improve the
health literacy of persons with inadequate or marginal literacy skills”; the main
goal of Chapter 20 is “to promote the health and safety of people at work through
prevention and early intervention” (U. S. DHHS, 2000).
Since Healthy People 2020 has been published, the topics of Health
Communication and Health Information Technology and Occupational Safety and
Health remain. One of the objectives in the former topic area is to increase
healthy literacy skills and two in the latter topic area are to reduce deaths from
work-related injuries and reduce nonfatal work-related injuries (U. S. DHHS,
2010a). According to Healthy People 2020, “workers spend a quarter of their
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lifetime, and up to half of their waking lives, at work or commuting…Work is one
of the most important determinants of a person’s health. However, addressing
occupational safety and health poses numerous challenges” (U. S. DHHS,
2010b). In addition, Healthy People 2020 (2010b) reports that:
•

The workforce, like the U.S. population at large, is becoming
increasingly diverse. These demographic changes result in new
safety and health issues. For example, some workers—such as
racial and ethnic minorities, recent immigrants, younger and older
workers, workers with genetic susceptibility, and workers with
disabilities—are more likely to have increased risks of work-related
diseases and injuries.

•

Workplaces are rapidly evolving as jobs in the current economy
continue to shift from manufacturing to services.

•

Major changes are also occurring in the way work is organized.
Longer hours, compressed work weeks, shift work, reduced job
security, and part-time and temporary work are realities of the
modern workplace and are increasingly affecting the health and
lives of workers.

•

Finally, the new chemicals, materials, processes, and equipment
that are being developed at an ever-accelerating pace pose
emerging risks to occupational health.

10

The Agency for Healthcare Research and Quality
The Agency for Healthcare Research and Quality (Berkman et al., 2004),
has found that low literacy is associated with adverse health, including poor
health knowledge. An update to this literature review revealed that low health
literacy level was consistently associated with increased hospitalizations, greater
emergency care use, and a poorer ability to interpret labels and health
messages, among other things (Berkman et al., 2011). Low health knowledge
can be associated with adverse health in the occupational setting as well,
especially with regards to safety and health and hazard communication.
Office of the Surgeon General
Given the more than 90 million people in this country who cannot
adequately understand basic health information, the Office of the Surgeon
General made “improving health literacy” one of its public health priorities (U.S.
DHHS, n.d.). To address this public health problem, Then-Acting Surgeon
General, Kenneth Moritsugu, held a workshop on improving health literacy. One
of the conclusions that came out of this workshop was that “public health
professionals must provide clear, understandable, science-based health
information to the American people” (U.S. DHHS, 2006). Current Surgeon
General, Regina Benjamin along with other members of the National Prevention,
Health Promotion, and Public Health Council, released the National Prevention
Strategy on June 16, 2011. One of the four strategic directions is “empowering
people to make healthy choices: When people have access to actionable and
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easy-to-understand information and resources, they are empowered to make
healthier choices” (U.S. DHHS, 2011).
Definition of Terms
The definitions listed below provide the reader with terms that will be
useful in reading this dissertation. These terms directly relate to this research and
will be used throughout this document.
Adequate Functional Health Literacy. A score of 23-36 on the STOFHLA.
People who have Adequate Functional Health Literacy will be able to read and
interpret most health texts (Nurss, Parker, Williams, & Baker, 2001).
Basic Health Literacy. Having skills necessary to perform simple and everyday
literacy activities (Kutner, Greenberg, Jin, & Paulsen, 2006).
Below Basic Health Literacy. Having no more than the most simple and
concrete literacy skills (Kutner, Greenberg, Jin, & Paulsen, 2006).
Flesch-Kincaid Grade Level (FKGL). A readability formula that estimates the
years of education needed, by United States school grade level, to understand a
piece of writing. For example, a score of 8.0 means that an eighth grader can
understand the document (Microsoft Office Online, 2008).
Functional Health Literacy.The ability to use reading, writing, and
computational skills at a level adequate to meet the needs of everyday life
situations (Parker, Baker, Williams, & Nurss, 1995).
Globally Harmonized System of Classification and Labeling of Chemicals
(GHS). A harmonized system for hazard communication which includes labeling,
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safety data sheets and easily understandable symbols, based on the
classification criteria developed by the GHS (United Nations, 2007).
Hazard Communication Standard (HCS). An Occupational Safety and Health
Administration Standard which provides workers with the right-to-know the
hazards and identities of the chemicals they are exposed to in the workplace
(OSHA, n.d.).
Health Literacy. The degree to which individuals have the capacity to obtain,
process, and understand basic health information and services needed to make
appropriate health decisions (Ratzan & Parker, 2000).
Inadequate Functional Health Literacy. A score of 0-16 on the STOFHLA.
People who have Inadequate Functional Health Literacy will be unable to read
and interpret health texts (Nurss, Parker, Williams, & Baker, 2001).
Literacy. An individual’s ability to read, write, and speak in English and compute
and solve problems at levels of proficiency necessary to function on the job and
in society, to achieve one’s goals, and develop one’s knowledge and potential
(National Institute for Literacy, 1991).
Marginal Functional Health Literacy. A score of 17-22 on the STOFHLA.
People who have Marginal Functional Health Literacy will have difficulty reading
and interpreting health texts (Nurss, Parker, Williams, & Baker, 2001).
Material Safety Data Sheet (MSDS). Written or printed material which provides
detailed information on each hazardous chemical, including its potential
hazardous effects, its physical and chemical characteristics, recommendations
for appropriate protective measures, and first aid measures should exposure
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occur. MSDSs are to be readily accessible during each work shift to employees
when they are in their work areas (OSHA, 1994).
National Assessment of Health Literacy (NAAL). A nationally representative
assessment of English literacy among American adults age 16 or older (U.S.
Department of Education, n.d).
Occupational Health Literacy. The ability to function safely on the job and have
the capacity to obtain, process, and understand basic health information such as
that found on the MSDS, or the SDS, when the GHS is implemented (Bouchard,
2007).
Occupational Safety and Health Administration (OSHA). A part of the United
States Department of Labor which is responsible for ensuring safe and healthful
working conditions for working men and women by setting and enforcing
standards and providing training, outreach, education and assistance (OSHA,
n.d. a)
Proficient Health Literacy. Having the skills necessary to perform more
complex and challenging literacy activities (Kutner, Greenberg, Jin, & Paulsen,
2006).
Prose Literacy. The knowledge and skills needed to perform prose tasks (i.e., to
search, comprehend, and use information from continuous texts). Prose
examples include editorials, news stories, brochures, and instructional materials
(Kutner, Greenberg, Jin, & Paulsen, 2006).
Safety Data Sheet (SDS). Written material which provides comprehensive
information about a chemical substance or mixture for use by employers and
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workers as a source of information about hazards and safety precautions (United
Nations, 2007).
Short Test of Functional Health Literacy in Adults (STOFHLA). A functional
literacy assessment tool designed to evaluate adult literacy in the health care
setting (Nurss, Parker, Williams, & Baker, 2001).
Simplified Measure of Gobbledygook (SMOG). A readability formula that
estimates the years of education needed to understand a piece of writing
(McLaughlin, 1969).
Standard Occupational Classification (SOC). A system used by Federal
statistical agencies to classify workers into occupational categories whereby
occupations are placed into one of 23 major groups (Bureau of Labor Statistics,
n.d.).
Significance of the Study
MSDSs communicate important information about a chemical to a worker.
It is important for a worker to understand the information on the MSDS and
resulting risks of exposure to the chemical. MSDSs are a key venue for
educating workers about the chemicals with which they work. If a worker can’t
read or understand the information communicated via the MSDS, the worker is at
increased risk for occupational injury or illness. Having access to an MSDS, or
hazard communication material, which is easy-to-understand, would help all
workers, especially the 90 million people in this country who cannot adequately
understand basic health information, reduce exposure to hazardous chemicals
and to minimize deleterious effects should exposure occur.
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Since various health-related organizations have identified research and
public health priorities that have implications for literacy and hazard
communication, and only 12 percent of the adults surveyed in the United States
demonstrated Proficient health literacy (Kutner et al., 2006) as per the last NAAL,
research is needed to address the issue of literacy and hazard communication.
This research is needed to ensure that the employees utilizing hazard
communication materials, such as MSDSs, are able to understand them.
Otherwise the materials are not serving their purpose of reducing exposure to
hazardous chemicals and an alternate means of hazard communication may
need to be developed.
Aim and Purpose
The overall aim of this research was to examine employee understanding
of Material Safety Data Sheets (MSDSs) the goal being that of promoting worker
safety as per the Occupational Safety and Health (OSH) Act of 1970. The OSH
Act assures “safe and healthful working conditions for working men and women”
(OSHA, 1970). Material Safety Data Sheets are written or printed materials
concerning a hazardous chemical, which are prepared by chemical
manufacturers and made available to employees who work with those hazardous
chemicals. Since MSDSs may be the first written or printed material that an
employee reaches for after an exposure to such a chemical, it is of utmost
importance to ensure that the employees utilizing them are able to understand
them.
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Research Hypotheses
Hypotheses to be addressed are:
1.

Literacy levels of participants as measured by the Short Test of
Functional Health Literacy in Adults (STOFHLA) will be
significantly related to the score on the MSDS test, i.e. the higher
the employee’s literacy level, the higher the score on the MSDS
test.

2.

Scores of participants on the MSDS test will indicate a
relationship with the readability level of the examples on the
MSDS test, i.e. the higher the readability level of the example,
the lower the employee’s score will be.
Chapter Summary

Chapter 1 presented a brief overview of the magnitude of the problem with
the large numbers of work-related illnesses and injuries related to exposure to
chemicals and chemical products and the number of people who fall below the
Proficient health literacy level as per the 2003 National Assessment of Adult
Literacy. The Hazard Communication Standard and its requirements were
discussed, in general, and in relation to health literacy. Various health-related
organizations have identified research and public health priorities that have
implications for health literacy and hazard communication indicating a need for
this research. The primary aim of this study was presented: to examine whether
employees understand Material Safety Data Sheets. The two research
hypotheses were stated: 1) Literacy levels of participants as measured by the
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Short Test of Functional Health Literacy in Adults (STOFHLA) will be significantly
related to the score on the MSDS test and 2) Scores of participants on the MSDS
test will indicate a relationship with the readability level of the examples on the
MSDS test.
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Chapter Two: Review of the Literature
Overview
Chapter 2 presents a review of relevant literature pertaining to health
literacy and the comprehension of hazard communication. The review of
literature includes the search strategies used as well as gaps found in the
research. Lastly, the framework for the study is discussed, clarifying the
theoretical basis for the study.
Search Strategy
The following databases were used to search for research studies
regarding literacy and hazard communication: the Cumulative Index to Nursing
and Allied Health Literature (CINAHL), Ovid MEDLINE, PubMed, Ovid
PsycINFO, Social Services Abstracts, Social Sciences Full Text, the Education
Resources Information Center (ERIC), and Dissertations & Theses: A & I. Search
terms included “literacy,” “readability,” “comprehensibility,” “material safety data,”
“hazardous substances,” “hazard communication,” “chemical hazards,” “worker
safety,” “employee safety,” “employee health,” “worker health,” “occupational
health,” “occupational health nursing,” and “occupational safety.” The year 1983
was chosen as the starting point for the literature review since that is the year
that that HCS was first promulgated. Nine journal articles and three doctoral
dissertations met the inclusion criteria for this study (see Conklin, 2003; Frazier,
Beasley, Sharma, & Mohyuddin, 2001; Gucer, Oliver, & McDiarmid, 2003;
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Janicak, 1996; Kolp, Sattler, Blayney, & Sherwood, 1993; Kolp, Williams, &
Burtan, 1995; Lehto, 1998; Paul & Kurtz, 1994; Phillips, 1997; Phillips, Wallace,
Hamilton, Pursley, Petty, & Bayne, 1999; Rosenmann et al., 2003; Wright, 1997).
Research studies published in U.S. peer-reviewed journals or doctoral
dissertations, in English, involving adult human subjects of working age and
involving OSHA’s HCS were included. Bouchard summarized the journal
literature on literacy and the Hazard Communication Standard up through 2005
in a review article published in AAOHN Journal (2007).
Sodium Hypochlorite
Sodium hypochlorite has various uses in industry, including as a bleaching
agent in laundry services; as a bleaching agent in the paper, pulp, and textile
industries; as a disinfectant for glass, ceramics, and water; as an algicide and
molluscicide in cooling water for power stations; in alpha-olefin sulfonate
production (United States National Library of Medicine [NLM], Toxicology Data
Network, 2003); as a disinfectant and bleaching agent in chemical and dairy
industries (United States NLM, 2007), and in professional cleaning (Jaakkola &
Jaakkola, 2006). Health effects of sodium hypochlorite include tissue damage;
pharyngeal pain after ingestion; dermal burning pain, inflammation, and blisters;
mild and transitory ocular irritation if the eyes are rinsed, or more severe effects
and slower recovery if the eyes are not rinsed; ocular and nasal irritation, sore
throat, and coughing at low concentrations of gases released from sodium
hypochlorite solutions, or respiratory distress with airway constriction and
pulmonary edema at higher concentrations; and reactive airways dysfunction
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syndrome (RADS), a chemical irritant-induced type of asthma (Agency for Toxic
Substances & Disease Registry, 2007). The Chlorine Institute has a Sodium
Hypochlorite Incompatibility Chart, which states, “Do NOT mix Sodium
Hypochlorite (bleach) with ANY other chemical unless adequate engineering
controls and personal protective equipment (PPE) are in place” (n.d). Therefore,
it is imperative that employees receive adequate training to ensure that they
understand the risks of working with this chemical compound.
Theoretical Framework
Donabedian’s Structure-Process-Outcome framework served as the
conceptual basis for this study (Donabedian, 2005). “Structure” includes the
occupational health and safety professionals, such as nurses, who are involved
in hazard communication; this communication can occur on-site, such as at the
individual work-site, or off-site, such as at a freestanding occupational health
clinic. “Structure” also includes physical facilities, such as the factory where the
employee works; the clinic where the employees will be presenting for exposure
treatment, a physical examination, immunization, drug screen, or follow-up
appointment; and any equipment involved, such as PPE. Personal protective
equipment can include respirators, gloves, protective clothing, and face shields
that will protect the employee from potentially hazardous chemicals.
“Process” involves the activities carried out by the occupational health and
safety professionals, including their communications and interactions with each
other and with employees. In this study, communication involved hazard
communication. Hazard communication includes labels, MSDSs, and employee
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training. “Outcome” involves the prevention of work-related injuries and illnesses,
which is the goal of occupational safety and health education. Prevention in this
study is related to exposure to hazardous chemicals, which for research
purposes is sodium hypochlorite. Primary prevention includes training and
access to MSDSs, while secondary prevention includes the use of PPE to
prevent, or minimize, illness or injury while working around hazardous chemicals.
Nurses at all levels may be responsible for distributing and reviewing Material
Safety Data Sheets with the employees and for educating the employee on the
risks of working with hazardous chemicals. Advanced Practice Nurses such as
Advanced Registered Nurse Practitioners (ARNPs) may diagnose and treat
employees who may have been exposed to various chemicals. When doing so
the ARNP would use the MSDS to assess the risks and hazards of the chemicals
to which the employee may have been exposed, with the intent of teaching the
worker to avoid future exposure. The occupational health nurse or nurse
practitioner may also collaborate with other occupational health and safety
professionals to ensure a favorable outcome. These other disciplines may
include health and safety professionals such as certified safety professionals
(CSPs), industrial hygienists, toxicologists, and occupational medicine
physicians.
Gaps in Research
Although employers must have an MSDS for each hazardous chemical
that they use, there is no OSHA-specified format as long as the required
elements are included. This means that different manufacturers of the same
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chemical, or chemical compound, may prepare MSDSs which are not identical.
This same issue was found in this primary investigator’s research when she
selected 7 MSDSs for the same chemical compound from 7 different
manufacturers. Although there were similarities between the 7 different MSDSs,
none of them were identical. This lack of standardization can be an issue in
worker health and safety. OSHA has developed a non-mandatory MSDS format,
OSHA Form 174, which may be utilized to comply with the standard (OSHA,
1986), but since it is not mandatory, manufacturers can utilize whatever format
they choose, as long as the required elements are present.
In addition, although the MSDS must be in English, OSHA does not
specify what the reading level of the text should be (OSHA, 1994). This means
that the manufacturer can write them at whatever level he or she chooses. OSHA
acknowledges that many adults may have difficulty reading hazard
communication material, which includes labels and MSDSs. No mention is made
of ensuring the comprehension of the material, even if the employee can read the
material. In addition, words found in hazard communication material may seem
like a foreign language to employees and employers alike (OSHA, n.d.).
Aims of the proposed study addressed the following gaps:
Readability Level
OSHA acknowledges that many adults may have difficulty reading hazard
communication material, which includes labels and MSDSs. Yet, a limitation of
the research is that not all of the studies measured the readability level of the
written material that they were assessing.
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The following studies did not assess the readability level of the written
material: Frazier et al., 2001; Gucer, et al., 2003; Janicak, 1996; Kolp et al.,
1995; Lehto, 1998; Paul & Kurtz, 1994; Rosenmann et al., 2003. Of these, the
following did not involve human participants and involved assessing written
material in the form of MSDSs for accuracy or quality only (Frazier, et al., 2001;
Kolp, et al., 1995; Paul & Kurtz, 1994). Frazier et al. (2001) state that many
“MSDSs were hard to read” in regards to finding terms related to asthma or other
pulmonary effects (p. 92). Although Gucer et al. (2003) addressed workplace
communications about health hazards, they failed to mention whether any written
hazard communication program was provided to women workers. Therefore,
there was no mention of assessing any written material for readability. Janicak
(1996) asked questions related specifically to the requirements of the HCS as
pertained to MSDSs, but that study’s questions did not address the readability
level of the MSDSs. Lehto (1998) makes mention of readability when he talks
about the fonts on smaller hazard labels as being “substantially lower in legibility
and readability” (p. 45). The term “readability” is not defined, and no actual
readability level is given. Although Rosenman et al. (2003) “recommend attention
to adequate ventilation, improved warning labels and Material Safety Data
Sheets, and workplace training and education” (p. 556), they did not speculate as
to whether addressing the readability of the labels and MSDSs would be one way
of improving them.
Since OSHA acknowledges that many adults may have difficulty reading
hazard communication material, which includes labels and MSDSs, a gap in the
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research is that not all of the studies measured the readability level of the written
material that they were assessing.
Comprehensibility
According to OSHA, words found in hazard communication material may
seem like a foreign language to employees and employers alike (OSHA, n.d.).
This implies that the employee may not be able to read the hazard
communication material. In addition, he or she may not be able to comprehend it.
Having the ability to read hazard communication material does not indicate that
the employee will be able to comprehend and to act on what he or she has read.
Not all of the studies that involved human subjects assessed whether
comprehension or understanding occurred after hazard communication training.
Gucer et al. (2003) stated that “employer-initiated risk communication, rather
than alarming workers, actually reduces their anxieties” (p. 688), but they did not
discuss whether comprehension or understanding of the training occurred.
Rosenman et al. (2003) stated that improving “the presentation of information on
labels, as well as workplace training and education as mandated by the
Occupational Safety and Health Act’s Hazard Communication Standard, should
help to increase knowledge about the potential hazards of cleaning products” (p.
561-562), but increased knowledge does not necessarily mean that the workers
comprehend or understand what they have learned.
Having the ability to read hazard communication material does not
indicate that the employee will be able to comprehend and to act on what he or
she has read. A gap in the research is that not all of the studies assessed
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whether comprehension or understanding occurred after hazard communication
training.
Literacy Level
According to the 2003 National Assessment of Adult Literacy (NAAL), only
12 percent of the adults surveyed in the United States demonstrated Proficient
health literacy (Kutner et al., 2006). Health tasks that require Proficient health
literacy include “drawing abstract inferences, comparing or contrasting multiple
pieces of information within complex texts or documents, or applying abstract or
complicated information from texts or documents” (Kutner et al.).
None of the studies measured the literacy levels of the participants
(Conklin, 2003; Frazier et al., 2001; Gucer et al., 2003; Janicak, 1996; Kolp et al.,
1993; Kolp et al., 1995; Lehto, 1998; Paul & Kurtz, 1994; Phillips, 1997; Phillips
et al., 1999; Rosenmann et al., 2003; Wright, 1997). One of the studies briefly
discusses literacy, but it does not measure it. Kolp et al. (1993) equate
educational attainment, in the form of grade level completed in school, with
worker literacy when they state that “the readability of MSDSs as well as worker
literacy and reading grade levels, as reflected by educational attainment, appear
to be important factors in the comprehension of MSDSs by workers” (p. 140).
According to Doak, in Doak and Root (1996), years of education tell us what
people have been exposed to, not what their current reading levels are, and on
average, adults read three to five grade levels lower than the years of schooling
attained (p. 6).
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Wright (1997) discussed illiteracy in his “Need for the Study” section of his
doctoral dissertation. He stated that manufacturers’ chemical fact sheets may not
be appropriate for workers with marginal illiteracy and that these sheets may be
ineffective as a training tool if the workers lack the education to interpret or
comprehend them (p. 16). Although Wright provided a definition of illiteracy, he
did not provide one for marginal illiteracy. As with Kolp et al. (1993), Wright
erroneously equated educational achievement with reading ability.
According to the 2003 National Assessment of Adult Literacy (NAAL), only
12 percent of the adults surveyed in the United States demonstrated Proficient
health literacy (Kutner et al., 2006). Proficient health literacy would be needed to
apply complicated information from texts or documents such as that found in
MSDSs. A gap in the research is that none of the studies measured the literacy
levels of the participants.
Chapter Summary
This chapter presented a synthesis of the research available on literacy
and hazard communication comprehension. Several gaps were identified
indicating the need for this study. These gaps in research were: not all of the
studies measured the readability level of the written material that they were
assessing, not all of the studies assessed whether comprehension or
understanding occurred after hazard communication training, and none of the
studies measured the literacy levels of the participants. The conceptual
framework presented in this chapter guided the development and the
organization of the study.
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Low literacy levels can pose a serious problem in any setting. When
dealing with the occupational setting and potentially hazardous chemicals, low
literacy can be life threatening. Research is needed to assess whether there is a
correlation between workers’ literacy levels and their understanding of written
hazard communication material, for which readability levels are known. In order
to meet the needs of workers with low literacy levels, it is imperative that
occupational safety and health professionals, including nurses and nurse
practitioners, provide workers with hazard communication materials that they are
able to understand. In addition, it is imperative that an assessment of any given
materials’ comprehension take place, so that additional training can take place, if
needed.
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Chapter Three: Method
This chapter presents the methodology used in this study. Included are
topics such as research design, the protection of human participants, study
setting, sample, inclusion criteria, instrumentation, procedure, data analysis plan,
and data and safety monitoring.
Research Design
The study utilized a single administration cross-sectional design. A
convenience sample was recruited from employees who presented themselves
to the Lakeside Occupational Medical Centers, Downtown Clinic, Tampa, Florida
for a physical examination, immunization, drug screening, or a follow-up
appointment.
Protection of Human Participants
Study Approval
Approval for this study was obtained from the Institutional Review Board
(IRB) of the University of South Florida (see Appendix A: Institutional Review
Board Approvals) and written permission from Dr. Richard Johnson, MD, MPH,
President and Medical Director of Lakeside Occupational Medical Centers, P.A.
(see Appendix B: Research Site Consent).
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Recruitment Process
A Lakeside Occupational Medical Centers (LOMC) staff member informed
all employees presenting to the LOMC Downtown Clinic for a physical
examination, immunization, drug screening, or follow-up appointment of the
study. Participants who indicated an interest in knowing more about the study
were then brought to a private room that had been set aside specifically for data
collection by the principal investigator. The investigator then further described the
study, ascertained whether the employee met the inclusion criteria, and obtained
informed consent. To help encourage participation, participants had the
opportunity to enter a raffle for one of three $100 Visa gift cards. The raffle
occurred after all participants had been recruited and was kept completely
separate from the research booklets (see Appendix H: Raffle Drawing Sheet).
Informed Consent Process
Written informed consent was obtained from each eligible participant prior
to participation in the research study (see Appendix C: Informed Consent Form).
Understanding was assured by asking if the participant had any questions and if
he or she could verbalize accurately what he or she had agreed to do as a
participant in the study. The informed consent process included a description of
the benefits and risks of participation, of which no benefits or risks were
foreseen.
Study Setting
The sample for this single administration, cross-sectional study was
recruited from employees who presented to LOMC Medical Center, Downtown
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Clinic, located in Hillsborough County, Florida. The participants were employees
from companies who had contracted with LOMC for occupational safety and
health services and who had come to the clinic for a physical examination,
immunization, drug screening, or follow-up appointment. At the time of this study,
LOMC had seven clinics in Hillsborough and Pinellas County and provided
services to the employees of over 16,000 individuals and businesses.
Occupational safety and health services that LOMC provides include drug
screening services, training programs such as exposure risks, physical
examinations, immunizations, radiological services, medical services such as
medical surveillance, consultation, and exposure monitoring, screening, and
testing. The Downtown Clinic was chosen because of its high volume of patients.
Sample
Selection of the target sample size was based on power calculations with
the principal goal of being able to estimate a non-zero correlation for hypothesis
#1 with good precision (i.e. relatively narrow 95% confidence intervals). For
hypothesis #1, statistical methods include internal consistency reliability
analyses, individual item analyses with total scores, and the relationship between
literacy level and scores on the MSDS test. The primary parameter estimated for
these analyses is the correlation coefficient.
For the Pearson correlation between health literacy level, as measured by
the STOFHLA, and scores on the MSDS test, a value between 0.30 - 0.70 was
anticipated. With a sample size of 200 subjects, the study was powered to
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provide overall good precision, as indicated by the width of the confidence
intervals listed below (see Table 1) assuming 2-sided type I error rate of 0.05.
Table 1
Power Analysis for Hypothesis 1
Sample size
200
200
200
200
200

Hypothesized
R
0.30
0.40
0.50
0.60
0.70

95% Confidence Interval
Lower
Upper
Width
0.168
0.421
0.253
0.277
0.510
0.234
0.388
0.597
0.209
0.503
0.682
0.179
0.622
0.764
0.143

Note. R = Correlation coefficient

For internal consistency analyses, it was anticipated that the 36 STOFHLA
items and total and subscales of the MSDS test would have coefficient alphas
ranging between 0.50 and 0.95. Precision estimates for this analysis (assuming
2-sided type I error rate of 0.05) are listed below (see Table 2), again indicating
good overall precision with the target sample size of 200 subjects.
Table 2
Power Analysis Related to Hypothesis 2
Sample size
200
200
200
200
200
200
200
200
200
200

Hypothesized
R
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95

95% Confidence Interval
Lower
Upper
Width
0.388
0.597
0.209
0.445
0.640
0.195
0.503
0.682
0.179
0.562
0.723
0.162
0.622
0.764
0.143
0.682
0.805
0.123
0.744
0.845
0.101
0.806
0.884
0.078
0.870
0.923
0.054
0.934
0.962
0.028

Note. R = Correlation coefficient
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With a target sample size of 200 subjects and 2-sided type I error effort
rate of 0.05, the sample provided 80% power to detect a small correlation
coefficient of 0.197 or higher. Thus, the study in aggregate was sufficiently
powered to evaluate the proposed research hypotheses.
Inclusion and Exclusion Criteria
Inclusion criteria were the following: the participants were required to be
employees presenting to the LOMC Downtown Clinic for a physical examination,
immunization, drug screening, or follow-up appointment. Participants must have
been without visual impairments that would preclude the participant from reading
the written material in English. They also must have been able to participate in
the study voluntarily.
Exclusion criteria were the following: the participants could not be
employees presenting to the LOMC Downtown Clinic for a new injury. In addition,
employees who could not see well enough to read the written material and those
employees who could not read English were excluded.
Instrumentation
Three instruments were utilized to collect data: the Short Test of
Functional Health Literacy in Adults (STOFHLA) found in Appendix D, an MSDS
test (see Appendix F), and a brief demographic sheet (see Appendix G). All three
instruments were combined into one booklet. The instruments are listed below in
order of their administration. In addition, the participants had the option of
completing a Material Safety Data Sheet Reading Comprehension Questionnaire
Drawing Information Sheet (see Appendix H) for the opportunity to enter a raffle
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for one of three $100 Visa gift cards. The Drawing Information Sheet asked for
the participant’s name, address, city, state, zip code, phone number, and email
address. The Drawing Information Sheet was stapled on top of the booklet.
Completed Drawing Information Sheets were removed by the participants and
submitted separately to maintain booklet anonymity.
The Short Test of Functional Health Literacy in Adults (STOFHLA)
The STOFHLA is a widely used, timed reading comprehension test that
takes approximately seven minutes to complete. It has a correlation of .91 with
the full TOFHLA indicating a good estimate of the participant’s functional health
literacy, or reading comprehension (Nurss, Parker, Williams, & Baker, 2001). It
consists of 36 reading comprehension items in two passages with every fifth to
seventh word omitted. The subject selects a word to fill in the blank from a list of
four multiple-choice options for each blank. Each selection is scored a “1” for
correct or a “0” for incorrect. Scores are added to create a total score from 0 to
36. Scores between 23 and 36 indicate adequate health literacy, between 17 and
22 indicate marginal health literacy, and between 0 and 16 indicate inadequate
health literacy. (A copy of the STOFHLA is included in Appendix D; a letter of
permission granting access to its use is included in Appendix E.)
The MSDS Test
The MSDS test was developed by the principal investigator after a face-toface consultation with Dr. Paul Spector, Area Director of the
Industrial/Organizational Psychology program at the University of South Florida.
During this consultation, Material Safety Data Sheets were reviewed and it was
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decided to select the Hazards Identification section verbatim from 7 MSDSs with
different readability levels and to devise 5 questions for each section (personal
communication, November 14, 2007). Thereafter, a search was conducted on the
database Safety Information Resources on the Internet (SIRI) that houses
180,000 MSDSs (SIRI, n.d.) for “sodium hypochlorite.” A total of 82 MSDSs were
retrieved. Of these, 32 were from different manufacturers. Material Safety Data
Sheets were excluded if they listed ingredients other than sodium hypochlorite
and/or water.
The readability levels of the passages were calculated utilizing both The
Simplified Measure of Gobbledygook (SMOG) and the Flesch-Kincaid Grade
Level (FKGL). The SMOG and the FKGL are readability formulas which estimate
the years of education needed to understand a piece of writing. The SMOG was
developed by G. Harry McLaughlin (1969). It has a .985 correlation with the
grades of readers who had 100% comprehension of test materials. The standard
error of the estimated grade level is 1.5159 grades, comparable to that of other
readability formulas (McLaughlin, n.d.). For the purposes of this study, a free
online software tool which is available through McLaughlin’s website (n.d.) and
which calculates both the SMOG and the FKGL was utilized to measure the
readability level of the written material in the study (Online-Utility.org, n.d.).
Scores from the FKGL have been found to be highly correlated with scores from
other readability formulas (Meade & Smith, 1991). There was a strong positive
correlation of 0.90 between the readability levels obtained utilizing the SMOG
and the FKGL.
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It was decided to omit those MSDSs with fewer than 30 words since the
SMOG requires a minimum of 30 words for its calculation. This brought the
number of MSDSs down to 28. The passage on “Hazards Identification” from
each of the 28 MSDSs was analyzed for readability utilizing both the SMOG and
the FKGL. The SMOG for the 28 MSDSs ranged from 10.98 to 16.69 and the
FKGL for the same 28 MSDSs ranged from 11.14 to 17.97. A subset of seven of
the passages was selected, spanning the abovementioned readability ranges (as
defined by Aldon Corporation, 1992; Carolina Biological Supply Co., 2000; Fisher
Scientific, 2007; Henry Schein Inc., 1987; Hill Brothers Chemical Co., 1987;
Sigma Chemical Company, 1997; and Sultan Chemists Inc., 1998). (See Table 3
for the MSDSs with the readability levels of the Hazards Identification sections
that were selected for this study and Appendices I through O for the MSDSs in
their entirety.) There was a strong positive correlation of 0.90 between the
readability levels obtained utilizing the SMOG and the FKGL.
Table 3
MSDSs with the Readability Levels of the Hazards Identification Sections
Manufacturer
Date of MSDS SMOG FKGL
Aldon Corporation
11/02/1992
11.89 13.01
Carolina Biological Supply Co.
09/05/2000
11.46 13.86
Fisher Scientific
11/08/2007
11.74 11.50
Henry Schein Inc.
01/01/1987
15.25 16.05
Hill Brothers Chemical Co
06/17/1987
13.49 12.61
Sigma Chemical Company
01/01/1997
16.69 17.97
Sultan Chemists Inc.
05/01/1998
10.98 11.14
Note. MSDS = Material Safety Data Sheet SMOG = Simplified Measure of
Gobbledygook FKGL = Flesch-Kincaid Grade Level

An investigator-made MSDS test was developed by selecting the seven
verbatim passages from MSDSs for sodium hypochlorite listed above in Table 3.
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Following each passage were five multiple-choice questions based on each
passage. The test was scored as either correct or incorrect. In order to control for
reliability, two parallel forms of the investigator-made test were distributed. The
tests were identical except that the passages were in reverse order in the second
form. (A copy of both versions of the MSDS test (Versions A and B) are included
in Appendix F).
Demographic Sheet
The investigator developed the demographic data sheet. It contained
questions related to age, highest completed grade level, native language, and job
category. The job categories were taken verbatim from the Bureau of Labor
Statistics, Standard Occupational Classification (SOC) major groups. Each
occupation in the SOC is placed within one of 23 major groups (BLS, 2008). This
investigator added a 24th group (Other) for those participants who felt that their
job did not fall within any of the categories listed. (A copy of the demographic
sheet is included in Appendix G.) Data collection tools were tested on four
individuals prior to the start of data collection to confirm usability and clarity and
to process the orientation of the forms. It took between 11 and 23 minutes for
these individuals to complete the data collection booklet. No adjustments to the
forms were made.
Procedure
Participants were recruited at the LOMC Downtown Clinic by staff. The
potential participant, or employee, was screened for the presence of inclusion
criteria. After it was determined that the potential participant met the inclusion

37

criteria, a copy of the informed consent was given to the employee to look at
while the investigator read the the informed consent to the employee. Employees
who agreed to participate were asked if they had any questions. After
ascertaining that all questions were adequately answered, the employee was
asked to verbalize in his or her own words what the study consisted of. After
ascertaining that the employee understood what the study consisted of, the
employee signed the informed consent.
Employees were then given a booklet containing the STOFHLA, the
MSDS test, and the demographic sheet. Since the STOFHLA is a timed reading
comprehension test, the employees were allowed 7 minutes to complete the
STOFHLA. If, at the end of 7 minutes, the employee had not completed the
STOFHLA, he or she was asked to stop and to go onto the next section (the
MSDS test). The employee was then given as long as he or she needed to
complete the remainder of the booklet (the MSDS test and the demographic
sheet).
To help encourage participation, the participants had the option of
completing a Material Safety Data Sheet Reading Comprehension Questionnaire
Drawing Information Sheet (see Appendix H). By entering the drawing,
participants had the opportunity to enter a raffle for one of three $100 Visa gift
cards. The Drawing Information Sheet asked for the participant’s name, address,
city, state, zip code, phone number, and email address. The Drawing Information
Sheet was stapled on top of the booklet. Completed Drawing Information Sheets
were removed by the participants after they had completed the booklet and
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submitted separately to maintain booklet anonymity. Three names were randomly
drawn after data collection was completed from the pool of 200 participants. The
$100.00 Visa gift card was mailed to the 3 winners along with a thank you letter.
(See Table 4 for the variables and measurement plan and Table 5 for the data
collection steps.)
Table 4
Variables and Measurement Plan
Variable

Operational Definition

Data
Source
Simplified Measure
of Gobbledygook
(SMOG)

Variable Type
(Function)
Continuous
(Approximates grade
level from 4 to Master’s
degree)

Frequency

Readability
Assessment
(Readability Level)

Reading level of the
written materials

Readability
Assessment
(Readability Level)

Reading level of the
written materials

Flesch-Kincaid
Grade Level
(FKGL)

Continuous
(Rates text by U.S.
school grade level)

Prior to starting
study

Literacy
Assessment
(Health
Literacy Level)

Degree to which
individuals have the
capacity to obtain,
process, and
understand basic
health information
and services needed
to make appropriate
health decisions

Short Test of
Functional Health
Literacy in Adults
(STOFHLA)

Categorical (Categories
indicate level of
functional health
literacy)
Adequate
(23 – 36)
Marginal
(17 – 22)
Inadequate
(0 – 16)

First
(Prior to the
administration of
the MSDS test)

MSDS Test
Scores

Ability to apply the
material read to a
written test

MSDS Test

Continuous
(Comprehension of
Hazard
Communications)
Possible Score
(0 to 35)

Second
(immediately
after
administration of
the STOFHLA)

Demographics

Age

Demographic
Sheet

Continuous
(Employee
Characteristics)

Third
(immediately
after the MSDS
Test)

Demographics

Highest completed
grade level, native
language, and
job category

Demographic
Sheet

Categorical
(Employee
Characteristics)

Third
(immediately
after the MSDS
Test)
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Prior to starting
study

Table 5
Data Collection Steps
Step
1. Screening of
Participant
2. Informed
consent
3. Administration of
the Study
booklet
a. STOFHLA
b. MSDS test
c. Demographic
sheet
4. Raffle drawing
form

Description
The potential participant was screened for the presence of
inclusion criteria
The consent was read to the participant

7 minutes were allowed for the administration
15 minutes were allowed for the administration, longer if
needed
5 minutes were allowed for the administration, longer if
needed
The participant had the option to complete a short contact
form for the raffle
3 names were randomly drawn after data collection was
completed from the pool of 200 participants. The gift card
was mailed to the winners along with a thank you letter.

5. Raffle drawing
Note. STOFHLA = Short Test of Functional Health Literacy in Adults; MSDS = Material Safety
Data Sheet

Data Analysis Plan
Preliminary Analysis
The Statistical Package for the Social Sciences (SPSS) 11.0 for Windows
and the Statistical Analysis System (SAS) 9.0 were used with password
protection for data entry, management, and analysis. Demographic information
are presented by use of descriptive statistics. All data were initially examined for
missing values, outliers, and inconsistent data as recommended by Tabachnick
and Fidell (2001, p. 98-99).
The readability levels of the written materials were calculated utilizing the
SMOG and FKGL formulas. The Simple Measure of Gobbledygook (SMOG) is a
readability formula that estimates the years of education needed to understand a
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piece of writing. It is a mathematical equation derived by regression analysis
developed by G. Harry McLaughlin (1969) and has a .985 correlation with the
grades of readers who had 100% comprehension of test materials. The standard
error of the estimated grade level is 1.5159 grades, comparable to that of other
readability formulas (McLaughlin, n.d.). The SMOG is calculated by counting the
words of three or more syllables in three 10-sentence samples, estimating the
count’s square root, and adding three. A conversion table is used to convert the
word count to a grade level. There are two different conversion tables: one for
materials less than 30 lines, and one for materials more than 30 lines (Ohio
KePro, n.d.). The result is the reading level of the written materials. If a person
reads at or above a grade level, he or she will understand 90-100% of the
information. For the purposes of this study, the SMOG calculator available online
through McLaughlin’s website (n.d.) and which calculates both the SMOG and
the FKGL was utilized to measure the readability level of the written material in
the study.
In addition, the Flesch-Kincaid Grade Level (FKGL) was utilized. The
FKGL rates texts on a U.S. school grade level. For example, a score of seven
means that an average seventh grader can understand the text. The formula is
(.39 X ASL) + (11.8 X ASW) – 15.59, where ASL is the average sentence length
(the number of words divided by the number of sentences) and ASW is the
average number of syllables per word (the number of syllables divided by the
number of words). Scores from the Flesh-Kincaid have highly correlated with
scores from other readability formulas (Meade & Smith, 1991). There was a
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strong positive correlation of 0.90 between the readability levels obtained utilizing
the SMOG and the FKGL.
Literacy levels of each participant as measured by the STOFHLA were
scored as a “1” for correct or a “0” for incorrect. Scores were added to create a
total score from 0 to 36. Scores between 23 and 36 indicate adequate health
literacy, between 17 and 22 indicate marginal health literacy, and between 0 and
16 indicate inadequate health literacy. Participants’ understanding of the MSDS
examples was measured by the MSDS test. Readability level of the MSDS
verbatim examples was measured by the means of the SMOG and FKGL.
The final preliminary work involved calculation of a Pearson correlation
coefficient between the scores on the STOFHLA and the scores on the MSDS
test. An independent group t-test was then used to compare mean scores of
those who took Version A versus those who took Version B in order to see if
there were any appreciable differences between the two forms of the
investigator-made test. The principal investigator performed all statistical
analyses.
Hypothesis Testing
Hypothesis 1.
Hypothesis 1 predicted that the functional health literacy level of the
participants, as measured by the STOFHLA, would be significantly related to the
score on the MSDS test. This hypothesis was tested by use of a Pearson
correlation coefficient from scores on the STOFHLA and the MSDS test.
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Hypothesis 2.
Hypothesis 2 predicted that the scores of participants on the MSDS test
would indicate a relationship with the readability level of the examples on the
MSDS test. This hypothesis was addressed by calculating each participant’s
score for each of the seven examples on the MSDS test. The means of the
participants’ scores were then compared.
Data and Safety Monitoring
No personal identifying information was collected from the participants
other than on the raffle drawing sheet, which was kept separate from the
research booklets. (See Appendix H for the Material Safety Data Sheet Reading
Comprehension Questionnaire Drawing Information Sheet.) Participant privacy
was ensured during the one time that the participant met with the principal
investigator (PI) in a private room with a door. Only the PI and the dissertation
committee had access to the data.
Participants were free to end participation in the study at any time.
Consent forms were kept separate from the research booklets and the raffle
drawing sheets. Computer files were on the PI’s personal laptop, which was
password protected, and on a pen drive, dedicated to this research study only,
and used only by the PI. Consent forms and data were then stored in a locked
file cabinet that will be kept for 5 years in the investigator’s office at home.
Shredding of the paper files and the deletion of the data on the pen drive will
occur at the end of five years.
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Chapter Summary
This chapter provided an overview of the research plan and included the
research design, protection of human participants, study setting, sample,
inclusion criteria, instrumentation, procedure, data analysis plan, and data and
safety monitoring.
The study utilized a single administration, cross-sectional design. A
convenience sample was recruited from employees who presented themselves
to the Lakeside Occupational Medical Centers, Downtown Clinic, Tampa, Florida
for a physical examination, immunization, drug screening, or a follow-up
appointment. Three instruments were utilized to collect data: the STOFHLA, an
MSDS test, and a brief demographic sheet. All three instruments were combined
into one booklet. In addition, the participants had the option of completing a
separate Material Safety Data Sheet Reading Comprehension Questionnaire
Drawing Information Sheet for the opportunity to enter a raffle for one of three
$100 Visa gift cards. The Statistical Package for the Social Sciences (SPSS)
11.0 for Windows and the Statistical Analysis System (SAS) 9.0 were used with
password protection for data entry, management, and analysis. Security of the
data were ensured by password protection, restricting access to the data only to
the PI and the dissertation committee, and locking hard copies of the test
booklets and consent forms in a locked file cabinet in the investigator’s home
office.
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Chapter Four: Overview of Findings
The overall objective of this study was to examine whether employees
understand Material Safety Data Sheets (MSDSs) with the purpose being that of
promoting worker safety as per the OSH Act of 1970 (OSHA, 1970). The OSH
Act assures “safe and healthful working conditions for working men and women”
(OSHA, 1970). Material Safety Data Sheets are printed materials concerning
hazardous chemicals prepared by chemical manufacturers and made available to
employees who work with those hazardous chemicals. This single administration,
cross-sectional study tested two hypotheses addressing the literacy level of the
participants, the readability of the MSDS examples quoted verbatim from actual
MSDSs, and the participants’ comprehension of the hazard communications in
those MSDS passages (henceforth called the MSDS test). The first hypothesis
addressed a possible significant correlation between participants’ literacy level
and their scores on the MSDS test. The second hypothesis examined differences
in the mean MSDS test scores across the seven readability levels of the
examples on the MSDS test. This chapter will summarize the demographic
factors and will present the results obtained from testing the hypotheses.
The first part of this chapter describes the demographic characteristics of
the study sample. The second part of this chapter presents the results of the
analyses that tested the hypotheses. The demographic characteristics and the
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results from testing the hypotheses are given in tabular as well as narrative
format. Lastly, this chapter summarizes the results.
Demographic Characteristics of the Study Sample
Sample
The sample consisted of 200 participants. Ninety-nine (49.5%) participants
completed Version A of the MSDS test, while 101 (50.5%) completed Version B.
Versions A and B were identical tests except that the passages were in reverse
order in the second form. Demographic characteristics included age, highest
completed grade level in school, first language, and job category. The continuous
and categorical level data are discussed sequentially starting with all 200
participants and then separately for participants who took Versions A and B of
the MSDS test .
For all 200 participants, the age of the individuals who participated in this
study ranged from 18 to 68 years old. The average age was 43.09 (SD = 12.48).
In comparison, the average age of those who took Version A of the MSDS test
was 42.42 (SD = 12.82) and for Version B of the MSDS test was 43.74 (SD =
12.17). The ages of those who took Version A of the MSDS test versus those
who took Version B were not significantly different (p = .413). For all 200
participants, the highest completed grade level ranged from grade 4 through
Masters’ degrees, with a mode of grade 12 (completion of high school; n = 99,
49.75%). Additionally, 83 (41.71%) either started or completed a college degree.
Thus the majority (91.46%) of the sample were well educated with completion of
high school or some amount of college. In comparison, the highest completed
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grade level for participants who took Version A of the MSDS test ranged from
grade 4 through Master’s degrees, with a mode of grade 12 (completion of high
school; n = 49, 49.49%). Additionally, 38 (38.38%) either started or completed a
college degree. For Version B of the MSDS test, the highest completed grade
level for participants ranged from grade 9 through Master’s degrees, with a mode
of grade 12 (completion of high school; n = 50, 50.0%). Additionally, 45 (45.0%)
either started or completed a college degree. Therefore, the modes of the two
versions of the MSDS test were similar.
For all participants, English was the native language for the majority
(n =166, 83.42%) followed by Spanish (n = 29, 14.57%). In comparison, for those
who took Version A of the MSDS test, English was the native language for the
majority (n = 83, 83.84%) followed by Spanish (n = 14, 14.14%). English was
also the native language for the majority for those who took Version B of the
MSDS test (n = 84, 83.17%) followed by Spanish (n = 15, 14.85%). Among those
few who listed Other as their response, the native languages were French,
Vietnamese, Hmong, and Serbo-Croatian. Table 6 displays summaries of highest
level of education and native language for all 200 participants.
Table 6
Demographic Characteristics for Highest Grade Level and Native Language
Highest Grade Level Frequency Percent
Completed
Grade 4
1
.50
Grade 6
1
.50
Grade 9
3
1.51
Grade 10
7
3.52
Grade 11
5
2.51
High School
99
49.75
47

Some College
Associate’s Degree
Bachelor’s Degree
Master’s Degree
Total
First Language
English
Spanish
Other
Total

17
34
25
7
199

8.54
17.09
12.56
3.52
100.00

Frequency Percent
166
83.42
29
14.57
4
2.01
199
100

Table 7 displays frequency and percent for the demographic characteristic
job category for all 200 participants. For all participants, transportation was the
job category with the greatest number of participants (n = 62, 31.16%) followed
by healthcare support (n = 20, 10.05%), and healthcare practitioners and
technical (n = 17, 8.54%). Four participants (2.01%) listed Other as their job
category. Of these in the Other category, the jobs listed were printing, zoo animal
care, pest control, and “this job”. In comparison, for those who took Version A of
the MSDS test, transportation was also the job category for the greatest number
of participants (n = 34, 34.34%) followed by an equal number in healthcare
support (n = 10, 10.1%), and healthcare practitioners and technical (n = 10,
10.1%). In comparison, for those who took Version B of the MSDS test,
transportation was also the job category for the greatest number of participants
(n = 29, 28.71%) followed by an equal number in healthcare support (n = 10,
9.9%) and installation, maintenance, and repair (n = 10, 9.9%).

48

Table 7
Demographics Characteristics by Job Category
Job Category
Frequency Percent
Transportation and Material Moving
62
31.16
Healthcare Support
20
10.05
Healthcare Practitioners and Technical
17
8.54
Installation, Maintenance, and Repair
17
8.54
Education, Training, and Library
12
6.03
Business and Financial Operations
10
5.03
Management
10
5.03
Office and Administrative Support
10
5.03
Building and Grounds Cleaning And Maintenance
8
4.02
Construction and Extraction
6
3.02
Food Preparation and Serving Related
6
3.02
Sales and Related Occupations
5
2.51
Life, Physical, and Social Science
4
2.01
Production
4
2.01
Other (please specify)
4
2.01
Protective Service
2
1.01
Architecture and Engineering
1
0.50
Arts, Design, Entertainment, Sports, and Media
1
0.50
Total
199 100.00
Note. Six other categories from the Bureau of Labor Statistics Standard
Occupational Classification each had a frequency of zero; these were Computer
and Mathematical; Community and Social Services; Legal; Personal Care and
Service; Farming, Fishing, and Forestry; and Military Specific.
Statistical Results
An MSDS test was constructed by the investigator by selecting seven
verbatim passages from MSDSs for sodium hypochlorite listed above in Table 3.
Following each passage were five multiple-choice questions based on each
passage. The test was scored as a “1” for correct or a “0” for incorrect. In order to
assess for internal consistency and reliability, item analysis was performed for
each example and for each test question within that example. According to Linn
and Gronlund (1995), once the test has been scored, the effectiveness of each
item should be assessed by means of item analysis. One way of doing this is by
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determining the index of item difficulty, which is the percentage of participants
who scored correctly on the item (Linn and Gronlund, 1995). The Percent Correct
on each question ranged from 52.0% for example #5, question #24 to 93.0% for
example #4, question #20. Cronbach Coefficient Alpha for individual questions
within an example ranged from 0.45 for example #3, question #12 to 0.69 for
example #5, question #24 while Cronbach Coefficient Alpha for all questions
within an example ranged from 0.55 for example #3 to 0.70 for example #7.
In addition, item analysis was also performed for the STOFHLA. The
STOFHLA consists of 36 reading comprehension items in two passages with
every fifth to seventh word omitted. The subject selects a word to fill in the blank
from a list of four multiple-choice options for each blank. Each selection is
scored a “1” for correct or a “0” for incorrect. Scores are added to create a total
score from 0 to 36. Scores between 23 and 36 indicate adequate health literacy,
between 17 and 22 indicate marginal health literacy, and between 0 and 16
indicate inadequate health literacy. The Percent Correct ranged from 46.0% to
98.0% with an Alpha for all 36 items of 0.94.
For both the MSDS test and the STOFHLA, there was no evidence of any
poorly performing items. All instruments and scales demonstrated adequate
internal consistency and reliability. See Tables 8-15 for item analysis of the
STOFHLA and the MSDS Test examples 1-7.
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Table 8
Item Analysis for STOFHLA Scores
STOFHLA
Percent Correlation
Question
Correct With Total*
1
94.00
0.33
2
96.00
0.38
3
84.00
0.32
4
95.00
0.33
5
97.00
0.48
6
95.00
0.34
7
95.00
0.58
8
97.00
0.40
9
93.00
0.60
10
97.00
0.50
11
94.00
0.71
12
98.00
0.61
13
96.00
0.47
14
95.00
0.54
15
97.00
0.48
16
98.00
0.58
17
97.00
0.52
18
97.00
0.73
19
80.00
0.20
20
95.00
0.50
21
92.00
0.59
22
93.00
0.59
23
96.00
0.56
24
84.00
0.48
25
91.00
0.67
26
87.00
0.53
27
92.00
0.69
28
94.00
0.71
29
87.00
0.60
30
88.00
0.71
31
89.00
0.55
32
90.00
0.54
33
92.00
0.71
34
46.00
0.27
35
93.00
0.68
36
91.00
0.71
Total Score 32.85
Note. Alpha for all 36 items = 0.94.
STOFHLA = Short Test of Functional Health Literacy in Adults.
*Total score with item removed.
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Table 9
Item Analysis for MSDS Test Example #1
MSDS
Percent Correlation Alpha*
Question
With Total*
1
74.00
0.55
0.51
2
85.00
0.33
0.62
3
78.00
0.36
0.61
4
60.00
0.31
0.63
5
81.00
0.44
0.57
All questions
0.64
Note. SD all questions = +/1.36.
MSDS = Material Safety Data Sheet.
*Parameter estimate with item removed.
Table 10
Item Analysis for MSDS Test Example #2
MSDS
Percent Correlation Alpha*
Question
With Total*
6
80.00
0.34
0.59
7
76.00
0.32
0.60
8
73.00
0.40
0.56
9
71.00
0.48
0.51
10
89.00
0.35
0.58
All questions
0.62
Note. SD all questions = +/-1.31.
MSDS = Material Safety Data Sheet.
*Parameter estimate with item removed.
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Table 11
Item Analysis for MSDS Test Example #3
MSDS
Percent Correlation Alpha*
Question
With Total*
11
90.00
0.36
0.46
12
81.00
0.38
0.45
13
72.00
0.33
0.48
14
60.00
0.33
0.48
15
73.00
0.33
0.48
All questions
0.55
Note. SD all questions = +/-1.24.
MSDS = Material Safety Data Sheet.
*Parameter estimate with item removed.
Table 12
Item Analysis for MSDS Test Example #4
MSDS
Percent Correlation Alpha*
Question
With Total*
16
70.00
0.42
0.60
17
69.00
0.42
0.60
18
89.00
0.52
0.55
19
56.00
0.32
0.65
20
93.00
0.37
0.63
All questions
0.66
Note. SD all questions = +/- 1.31.
MSDS = Material Safety Data Sheet.
*Parameter estimate with item removed.
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Table 13
Item Analysis for MSDS Test Example #5
MSDS
Percent Correlation Alpha*
Question
With Total*
21
84.00
0.57
0.51
22
76.00
0.50
0.54
23
67.00
0.35
0.61
24
52.00
0.19
0.69
25
77.00
0.41
0.59
All questions
0.65
Note. SD all questions = +/- 1.40.
MSDS = Material Safety Data Sheet.
*Parameter estimate with item removed.
Table 14
Item Analysis for MSDS Test Example #6
MSDS
Percent Correlation Alpha*
Question
With Total*
26
81.00
0.49
0.61
27
71.00
0.37
0.66
28
71.00
0.40
0.65
29
76.00
0.46
0.62
30
90.00
0.46
0.62
All questions
0.68
Note. SD all questions = +/- 1.35.
MSDS = Material Safety Data Sheet.
*Parameter estimate with item removed.
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Table 15
Item Analysis for MSDS Test Example #7
MSDS
Percent Correlation Alpha*
Question
With Total*
31
82.00
0.53
0.61
32
80.00
0.45
0.65
33
78.00
0.41
0.66
34
67.00
0.37
0.68
35
78.00
0.50
0.63
All questions
0.70
Note. SD all questions = +/- 1.41.
MSDS = Material Safety Data Sheet.
*Parameter estimate with item removed.
In order to verify reliability, two parallel forms of the investigator-made test
were distributed (Version A and Version B) and compared. The two versions
were identical except that the arrangement of the MSDS passages was in
reverse order in the second version. The STOFHLA scores of the participants
who completed Version A of the MSDS test were compared to those who
completed Version B to determine if there were any significant differences
between them (see table 16). The mean for Version A was 33.13 (SD = 4.43) and
for Version B was 32.57 (SD = 5.91). The difference in means between the two
versions was only 0.56. A score falling between 23 and 36 on the STOFHLA
indicates adequate functional health literacy. Therefore, the mean scores for both
versions fell within the category of adequate.
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Table 16
Descriptive Statistics for STOFHLA Scores by Version A and B of the MSDS Test
STOFHLA
Scores

MSDS
Test Version
A
B

N

Mean

99
101

33.13
32.57

Standard
Deviation
4.43
5.91

Standard Error
Mean
0.44
0.59

Total STOFHLA
200
32.85
5.22
Scores
Note. STOFHLA = Short Test of Functional Health Literacy in Adults, MSDS = Material
Safety Data Sheet.

Next, an independent-samples t-test on the two versions of STOFHLA
scores evaluated whether their mean scores were significantly different. No
significant difference was found (t (185.29) = 0.76, p = 0.45). Therefore, the
STOFHLA scores from the two versions were aggregated for all subsequent
analysis. After aggregating both versions of the MSDS test, the minimum score
on the STOFHLA was 7.00 with a maximum of 36.00. The mean was 32.85 (SD
= 5.22).
The majority of the STOFHLA scores (95.5%) fell within the adequate
functional health literacy level (scored between 23-36). People who have
adequate functional health literacy levels “should be able to read, understand
and interpret most health texts” (Nurss, Parker, Williams and Baker, 2001). Eight
of the scores (4.0%) fell within the inadequate functional health literacy level
(scored between 0-16), while one of the scores (0.5%) fell within the marginal
functional health literacy level (scored between 17-22). People who have
inadequate or marginal functional health literacy levels “will have difficulty
reading, understanding, and interpreting most health materials” (Nurss et al.,
2001). Table 17 displays the descriptive statistics for the literacy level of the
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participants. STOFHLA scores are categorized as adequate, marginal, or
inadequate (Nurss et al., 2001). Operational definitions for each category are
provided in Chapter 1.
Table 17
Literacy Level of Participants
STOFHLA
Frequency Percent
Functional Health Literacy Level
Inadequate (0-16)
8
4.0
Marginal (17-22)
1
0.5
Adequate (23-36)
191
95.5
Total
200
100.0
Note. STOFHLA = Short Test of Functional Health
Literacy in Adults.
The scores on the MSDS test overall ranged from 4.0 to 35.0 with a mean
of 26.4 (SD = 7.49). Each MSDS test example had a minimum score of 0.0 and a
maximum score of 5.0. The passage with the lowest mean score of 3.54 (SD =
1.40) was #5 (SMOG 13.49; FKGL 12.61), while the passage with the highest
mean score of 3.89 (SD = 1.35) was passage #6 (SMOG 16.69; FKGL 17.97).
Therefore, there was not an exceptionally large variation in scores across the 7
passages. Table 18 displays the descriptive statistics for each MSDS test
passage.
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Table 18
Descriptive Statistics for the MSDS Test Passages
MSDS Test
N
Minimum Maximum
Example
#1
200
.00
5.00
#2
200
.00
5.00
#3
200
.00
5.00
#4
200
.00
5.00
#5
200
.00
5.00
#6
200
.00
5.00
#7
200
.00
5.00
Note. MSDS = Material Safety Data Sheet.

Mean
3.77
3.88
3.75
3.76
3.54
3.89
3.84

Standard
Deviation
1.36
1.31
1.24
1.31
1.40
1.35
1.41

Research Hypothesis Number 1
To test the first hypothesis, “Literacy levels of participants will be
significantly related to the score on the MSDS test,” a Pearson correlation
coefficient from scores on the STOFHLA and MSDS test was used. A positive
correlation of .571, which was significant at the 0.01 level (2-tailed) was obtained.
This indicates that as the total STOFHLA scores increased, so did the scores on
the MSDS test. In other words, as a higher STOFHLA score indicates a higher
functional health literacy level, those who scored higher on the STOFHLA, did
better on the MSDS test. This demonstrated support of the first hypothesis.
Research Hypothesis Number 2
The second hypothesis, “Scores of participants on the MSDS test will
indicate a relationship with the readability level of the examples on the MSDS
test,” was addressed by calculating each participant’s score for each of the seven
examples on the MSDS test. The means of the participants’ scores were then
compared to readability level by examining ranks of both measures. The results
revealed there was no consistent relationship between the readability level of
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each example with either measure (the SMOG and the FKGL) and the
participant’s overall performance on the MSDS test. A Pearson correlation
coefficient from ranked readability levels and MSDS test example scores was
used. A positive correlation of .179, which was not significant at the 0.05 level (2tailed was obtained). Therefore, alternate explanations were sought. This was
because of many items being correctly answered by the overwhelming majority
of participants well beyond that expected by chance. Table 19 displays the
MSDS Test Examples with their readability levels while Table 20 displays the
descriptive statistics for the rankings of the MSDS Test Examples.
Table 19
MSDS Test Examples with their Readability Levels
MSDS
SMOG FKGL Mean Readability
Test Example
Level
1
11.89 13.01
12.45
2
11.46 13.86
12.66
3
11.74 11.50
11.62
4
15.25 16.05
15.65
5
13.49 12.61
13.05
6
16.69 17.97
17.33
7
10.98 11.14
11.06
Note. MSDS = Material Safety Data Sheet
SMOG = Simplified Measure of Gobbledygook
FKGL = Flesch-Kincaid Grade Level
Readability Level is based on the entire MSDS example.

59

Table 20
Descriptive Statistics for the Rankings of MSDS Test Examples
MSDS
RL
Mean
Test Example Rank Score
7
1
3.84
3
2
3.75
1
3
3.77
2
4
3.88
5
5
3.54
4
6
3.76
6
7
3.89
Note. MSDS = Material Safety Data Sheet
SMOG = Simplified Measure of Gobbledygook
FKGL = Flesch-Kincaid Grade Level
RL = Readability Level
Rank 1 represents the lowest readability level (i.e., easiest to read) and Rank 7
represents the highest readability level (i.e., hardest to read). Readability Level is based
on the entire MSDS example.

Specifically, the percentage of participants who scored correctly on each
question was examined. From this, it appears that some of the questions were
too easy because of the high percentage of participants who scored correctly.
Therefore, a supplementary data collection method was utilized whereby an
additional 12 people took the MSDS test (version A) without the examples being
provided. In other words, these 12 people were given the MSDS test with only
the test questions provided and had to guess at the correct answer. The results
are presented in Table 21.
Table 21
Demographic Characteristics for Twelve Additional MSDS Tests
MSDS Test
Question
1
2
3

Frequency
Correct
2
12
4

Percent
Correct
16.67
100.00
33.33

60

MSDS Test
Frequency
Percent
Question
Correct
Correct
4
2
16.67
5
8
66.67
6
1
8.33
7
5
41.67
8
9
75.00
9
7
58.33
10
10
83.33
11
12
100.00
12
6
50.00
13
10
83.33
14
0
0.00
15
11
91.67
16
3
25.00
17
2
16.67
18
11
91.67
19
2
16.67
20
11
91.67
21
8
66.67
22
9
75.00
23
1
8.33
24
9
75.00
25
3
25.00
26
10
83.33
27
2
16.67
28
8
66.67
29
4
33.33
30
11
91.67
31
7
58.33
32
5
41.67
33
10
83.33
34
6
50.00
35
10
83.33
Note. MSDS = Material Safety Data Sheet

On the basis of this supplementary data collection, one question was
selected from each MSDS Test example where these participants had difficulty
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guessing. For the purpose of this study, it was assumed that if at least 6
participants, or 50%, chose the incorrect answer that it was a difficult question.
See Table 22 for the question, or item, chosen from each MSDS example.
Table 22
Item Chosen From Each MSDS Test Example
MSDS Test
Example
1
2
3
4
5
6
7

MSDS Test
Question
1
6
12
17
23
27
32

Note. MSDS = Material Safety Data Sheet
These questions, or items, were then examined in terms of readability
level. Again, there was no consistent relationship with readability level utilizing
both the SMOG and the FKGL. The results are presented in Table 23 for the
SMOG and in Table 24 for the FKGL. The relationship between test scores and
readability of the examples is also illustrated in Figures 1 for the SMOG and 2 for
the FKGL.
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Table 23
Comparisons of Item Test Score with Readability Level of Examples (SMOG)
Readability Index
1
2
3
4
5
6
7

MSDS
Test Question
32
6
12
1
23
17
27

SMOG
% Correct
10.98
41.67
11.46
8.33
11.74
50.00
11.89
16.67
13.49
8.33
15.25
16.67
16.69
16.67

Note. MSDS = Material Safety Data Sheet. SMOG = Simplified Measure of
Gobbledygook. Level 1 represents the lowest readability index (i.e., easiest to
read) and Level 7 represents the highest readability index (i.e., hardest to read).
Readability Index is based on the entire MSDS example.

Figure 1. % Correct of the individual item chosen from the 12 MSDSs by
readability level utilizing the SMOG. MSDS = Material Safety Data Sheet. SMOG
= Simplified Measure of Gobbledygook. Level 1 represents the lowest readability
index (i.e., easiest to read) and Level 7 represents the highest readability index
(i.e., hardest to read). Negative correlation of 0.24, not significant at the 0.05
level (2-tailed).
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Table 24
Comparisons of Item Test Score with Readability Level of Examples (FKGL)
Readability
Index
1
2
3
4
5
6
7

MSDS
Test Question
32
12
23
1
6
17
27

FKGL
11.14
11.50
12.61
13.01
13.86
16.05
17.97

% Correct
41.67
50.00
8.33
16.67
8.33
16.67
16.67

Note. MSDS = Material Safety Data Sheet. FKGL = Flesch-Kincaid Grade Level.
Level 1 represents the lowest readability index (i.e., easiest to read) and Level 7
represents the highest readability index (i.e., hardest to read). Readability Index
is based on the entire MSDS example.

Figure 2. % Correct of the individual item chosen from the 12 MSDSs by
readability level utilizing the FKGL. MSDS = Material Safety Data Sheet. FKGL =
Flesch-Kincaid Grade Level. Level 1 represents the lowest readability index (i.e.,
easiest to read) and Level 7 represents the highest readability index (i.e., hardest
to read). Negative correlation of 0.45, not significant at the 0.05 level (2-tailed).

64

On the basis of these results, another measure of complexity and
comprehension of the material was examined by considering the number of lines
in a sentence. From the length of each sentence, it appears that there is, at least,
some evidence of better performance when the information is presented in
shorter sentences. The results are presented in Table 25. The relationship
between test scores and number of lines/sentence of the examples is also
illustrated in Figure 3.
Table 25
Comparisons of MSDS Test Examples by Length of Longest Line
Level
1
2
3
4
5
6
7

MSDS
Test Example
4
3
1
7
2
6
5

Length of
Longest Line
2
3
4
4
5
6
9

% Correct
16.67
50.00
16.67
41.67
8.33
16.67
8.33

Note. MSDS = Material Safety Data Sheet.
Both MSDS Test Examples 1 and 7 had 4 lines as their longest line (number of
lines/sentence).
Level 1 represents the MSDS example with the shortest number of lines and
Level 7 represents the MSDS example with the greatest number of lines.
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Figure 3. % Correct of the individual item chosen from the 12 MSDSs by longest
line (number of lines/sentence). MSDS = Material Safety Data Sheet. Both MSDS
Test Examples 1 and 7 had 4 lines as their greatest number of lines. Level 1
represents the MSDS example with the shortest number of lines and Level 7
represents the MSDS example with the greatest number of lines. Negative
correlation of 0.64, not significant at the 0.05 level (2-tailed).
Since the SMOG takes into account the number of words that are 3
syllables or more and the FKGL the number of words overall, it was decided to
consider the number of average words in a sentence as well as the number of
average words of 3 syllables or more in a sentence. From the number of average
words of 3 syllables or more in each sentence, it appears that there is some
evidence of better performance when the information is presented in fewer words
containing 3 or more syllables.The results are presented in Tables 26 and 27.
The relationship between test scores and number of average words in a
sentence in the examples is also illustrated in Figure 4.
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Table 26
Comparisons of MSDS Test Examples by Average Words/Sentence
Level
1
2
3
4
5
6
7

MSDS
Test Example
2
3
1
7
4
6
5

Average
words/sentence
5.6
6.0
7.9
7.9
8.8
11.1
12.6

% Correct
8.33
50.00
16.67
41.67
16.67
16.67
8.33

Note. MSDS = Material Safety Data Sheet.
Both MSDS Test Examples 1 and 7 had 7.9 average words/sentence.
Level 1 represents the MSDS example with the smallest number of average
words/sentence and Level 7 represents the MSDS example with the greatest
number of average words/sentence.
Table 27
Comparisons of MSDS Test Examples by Average Words of 3 Syllables or
More/Sentence
Level
1
2
3
4
5
6
7

MSDS
Test Example
3
7
2
4
1
5
6

Average words of 3
syllables or
more/sentence
1.5
1.7
2.0
2.0
2.3
3.0
3.4

% Correct
50.00
41.67
8.33
16.67
16.67
8.33
16.67

Note. MSDS = Material Safety Data Sheet.
Both MSDS Test Examples 2 and 4 had 2.0 average words of 3 syllables or
more/sentence.
Level 1 represents the MSDS example with the smallest number of average
words of 3 syllables or more/sentence and Level 7 represents the MSDS
example with the greatest number of average words of 3 syllables or
more/sentence.
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Figure 4. % Correct of the individual item chosen from the 12 MSDSs by
words/sentence. MSDS = Material Safety Data Sheet. Both MSDS Test
Examples 1 and 7 had 7.9 average words/sentence. Level 1 represents the
smallest number of average words/sentence and Level 7 represents the MSDS
example with the greatest number of average words/sentence. Average
words/sentence negative correlation of .26, not significant at the 0.05 level (2tailed). Average words of 3 syllables of more/sentence negative correlation of
.63, not siginificant at the 0.05 level (2-tailed).
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Chapter Summary
The demographic characteristics of the study sample and analytical
results of this correlational cross-sectional study were presented. There was a
significant positive correlation between the total STOFHLA scores and the
readability of MSDS hazards identification passages. Therefore, hypothesis
number 1 was supported. Findings on the readability level of the examples of the
MSDSs to the participant’s overall MSDS score were inconclusive. However, the
format of the MSDS, specifically the number of lines/sentence and number of
words of 3 syllables or more/sentence, may influence comprehension. The next
and final chapter provides the discussion of findings.
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Chapter Five: Discussion
This final chapter presents a synthesis of the research results, with a
discussion of the findings, study limitations, implications for practice, and future
research recommendations. This study aimed to demonstrate that as functional
health literacy scores increase, so does the readability level of the passages on
the MSDS test. This study also sought to demonstrate that the total scores on the
MSDS test were related to the pre-determined readability level of each example.
A summary of all research findings and interpretations will conclude the chapter.
Summary of the Study and Findings
This study used a single administration, cross-sectional design to examine
functional health literacy level as a hypothesized moderator of MSDS test scores
of employees presenting to one occupational health clinic. The sample consisted
of 200 employees who completed a booklet consisting of the STOFHLA, the
MSDS test, and a brief demographic questionnaire. Only one booklet was
missing age and grade level (the same participant). Ninety-nine participants
completed Version A of the MSDS test, while 101 completed Version B. The two
versions were identical except that the passages were in reverse order from each
other.
Descriptive data were obtained for the demographic data reflecting
means, percentages, ranges, frequencies, and standard deviations. Ages of the
sample of participants who completed the study ranged from 18 to 68 with a
70

mean age of 43.07 (SD = 12.452) years. Highest grade level completed was a
master’s degree (n = 7, 3.52%) with the lowest grade level completed being
grade 4 (1 participant or 0.50%). Ninety-nine (49.75%) of participants had
completed high school (grade 12). English was the native language for 166
participants, or 83.42% of the sample.
To determine whether the functional health literacy level of participants
was related to the readability of passages on the MSDS test, two hypotheses
were proposed.
Hypothesis 1. Hypothesis 1 predicted that the functional health literacy
level of the participants, as measured by the STOFHLA, would be significantly
related to the score on the MSDS test.
Hypothesis 2. Hypothesis 2 predicted that the scores of participants on
the MSDS test would indicate a relationship with the readability level of the
examples on the MSDS test.
The first hypothesis was tested using correlation analysis. Pearson r
coefficient was calculated and it showed that there was a positive correlation (r =
.571), significant at the 0.01 level (2-tailed). This finding indicates that as the total
STOFHLA scores increases, so did the scores on the MSDS test. In other words,
a high STOFHLA score also had a high score on the MSDS test.
The second hypothesis was examined by calculating each participant’s
score for each of the seven examples on the MSDS test. The means of the
participants’ scores were then compared. The results of this examination showed
that there was no consistent relationship between the readability level of each
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example with either measure (the SMOG and the FKGL) and the participant’s
overall performance on the MSDS test. Therefore, alternate explanations were
sought.
First, the percentage of participants who scored correctly on each
question was examined. From this, it appeared that some of the questions were
too easy because of the high percentage of participants who scored correctly.
Therefore, a supplementary data collection method was utilized whereby an
additional 12 people took the MSDS test (version A) without the examples being
provided. In other words, these 12 people were given the MSDS test with only
the test questions provided and had to guess at the correct answer.
Second, on the basis of this supplementary data collection, a single
question was selected from each example where these participants had difficulty
guessing. For the purpose of this study, it was assumed that if at least 6
participants, or 50%, chose the incorrect answer it was a difficult question.
These questions, or items, were examined only in terms of readability level.
Again, there was no consistent relationship with readability level utilizing both the
SMOG and the FKGL.
Then a third measure of complexity and comprehension of the material
was examined by considering the number of lines in a sentence. On the basis of
the length of the sentence, it appears that there is, at least, some evidence of
better performance when the information is presented in shorter sentences.
Lastly, since the SMOG takes into account the number of words that are 3
syllables or more and the FKGL the number of words overall, it was decided to
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consider the number of average words in a sentence as well as the number of
average words of 3 syllables or more in a sentence. From the number of average
words of 3 syllables or more in each sentence, it appears that there is some
evidence of better performance when the information is presented in fewer words
containing 3 or more syllables.
Conclusions
Low literacy levels can pose a serious problem in any setting. When
dealing with the occupational setting and potentially hazardous chemicals, a low
literacy level can be life threatening. According to OSHA, “employees must be
made aware of the hazards to which they are exposed, know how to obtain and
use information on labels and MSDSs, and know and follow appropriate work
practices” (1998). OSHA’s Hazard Communication Standard requires MSDSs to
be “readily accessible to employees.” This is defined by OSHA as meaning
“immediate access to MSDSs. The employer has flexibility to determine how this
will be accomplished and may provide the data sheets via paper copies,
computer terminal access, or some other means of providing readable copy onsite” (OSHA, 2007). In order for the employee to have immediate access to the
MSDSs, the employee has to know where the MSDSs are located and also how
to retrieve them in a timely manner, especially if an exposure has already
occurred and the employee is attempting to minimize the extent of this exposure.
For example, if sodium hypochlorite splashed into the employee’s eyes, the
employee would need to know that the eyes need to be flushed with water for 15
minutes with eyelids lifted and to obtain immediate medical attention.
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According to the Hazard Communication Standard, MSDSs shall be in
English, although employers may keep MSDSs in languages other than English
(OSHA, 1994). In addition, OSHA states that it “is not sufficient to either just read
material to the workers, or simply hand them material to read. You want to create
a climate where workers feel free to ask questions. This will help you to ensure
that the information is understood” (OSHA, 1994). Although asking questions will
ensure that the employee understands more of the information on the MSDS,
there is no guarantee that the employee will understand all of the information on
the MSDS. Some of the information that the employee may not understand could
be information that the employee would need to know in an instant such as after
an exposure occurs. In addition, what of those employees who do not feel
comfortable asking questions for fear of appearing ignorant? Those could be the
employees that would need the most help. It has been found that there is a
significant relationship between the employee’s literacy level and his or her
understanding of written hazard communication material, for which readability
level is known. Since it is unlikely that the literacy level of the employees will be
known, the readability level of written material should be considered in all
occupational settings which involve hazardous chemicals. Especially since there
is a positive relationship between an employee’s literacy level and his or her
understanding of written hazard communication materials. In other words, as the
value of one variable increases so does the second variable.
Similarly, in conjunction with the literature review, in order to meet the
needs of workers with low literacy levels, it is imperative that occupational safety
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and health professionals, including nurses and nurse practitioners, provide
workers with hazard communication materials that they are able to understand.
In addition, it is imperative that assessment of understandability occur, so that
additional training can take place, if needed. The results of the study confirmed
this contention and indicate that as the examples or communication examples
are made easier to read the more the people who will read them would be able to
understand what they mean.
In addition, it appears that line length and number of words of 3 syllables
or more have an effect on how well one does in relation to MSDS examples.
Therefore, written hazard communication material should be written in short
sentences with words that are less than 3 syllables. This way the likelihood of the
material being understood by the worker will be increased.
Study Limitations
An important limitation of this study was that the MSDS Test examples
had a somewhat restrictive range in terms of readability levels and test
performance. This may have attenuated estimates of the association between
reading grade level and comprehension of data safety sheets (i.e. hypothesis
number 2). Further studies might choose MSDS Test examples with a broader
range of readability levels.
A second limitation of this study is that it was a convenience sample of
employees presenting to a single occupational health clinic. A random sampling
at multiple clinics might have produced a better representation of the population,
and might have decreased any selection bias that existed. In addition, although
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the Demographic Questionnaire asked about first language, it did not take into
consideration ethnicity. Healthy People 2020 (2010b) reports that “the workforce,
like the U.S. population at large, is becoming increasingly diverse. These
demographic changes result in new safety and health issues.”
Obtaining a better representation of the population would have allowed for
greater generalizability of the findings. Another option might be to actually go out
to different work sites and obtaining a random sampling of the employees who
worked there.
Measurement bias was less of a concern of this study, since the principal
investigator was the only person collecting the data. Although at times this, in
and of itself, was problematic when multiple employees showed up agreeing to
participate in the study. Having multiple participants at different points of the
study made it difficult to accurately time the seven minutes that were allowed for
the administration of the STOFHLA. A potential solution would have been to have
a trained assistant to assist with the data collection or to have multiple stop
watches to time the seven minutes.
While prospective participants were told ahead of time how long it could
take them to complete the study, a few participants mentioned afterwards that
they did not spend any time reading the questions and that they just circled any
answers. Their reason for doing so was that they wanted to be entered into the
drawing for the $100.00 gift cards. The net consequence of this is bias towards
no association for hypothesis number 2. A way of preventing this in future would
be to stress to the prospective participant the importance of obtaining a response
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which reflects their true capacity by taking the time to read each example fully
prior to answering the questions that followed. Another way of preventing this
would have been to ascertain ahead of time that each participant was willing to
spend the time needed to read each MSDS example. A simple way of doing this
would be to actually ask the prospective participant if he or she was willing to do
so and then excluding those who were not willing to do so.
While participation was voluntary, a limitation of the study may be that
those employees with lower reading skills may have self-selected themselves out
of the study due to the stigma associated with low literacy levels. Future studies
might stress to all prospective participants the importance of obtaining results
from employees from a wide range of literacy levels, that all booklets would be
filled out in a private room with a closeable door, and that all data collected would
not be able to be traced back to the individual participant.
Similarly, employees who were familiar with MSDSs and other forms of
chemical safety information sheets may have agreed to participate in the study.
Since prospective participants were recruited by the clinic staff, a way of
combating this would have been to inform potential participants that experience
working with MSDSs was not mandatory for participation in the study.
In addition, the participants in this study may not be representative of
employees who would actually work with sodium hypochlorite. Although since
sodium hypochlorite is a common household cleaner and disinfectant, the
likelihood of the participants never having come into contact with it would be
unlikely. This can be seen by the following, whereby the 2006 Annual Report of
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the American Association of Poison Control Centers’ National Poison Data
System related that household cleaning substances were the third leading
substances most frequently involved in human exposures. Of these exposures,
35,199 were due to bleach, or hypochlorite (Bronstein et al., 2007).
Implications for Practice
In this study, there was a positive (direct) correlation between health
literacy, as measured by the STOFHLA scores, and the participant’s overall
score on the MSDS test. Those who had higher health literacy scores scored
better overall on the MSDS test. Implications for practice include adjusting the
readability of the hazard communications for the anticipated literacy of the
learners. The field of health literacy focuses not so much on a grade level
approach, but more on a “universal precautions” approach. Since it is unlikely
that a healthcare professional will know an employee’s literacy level, in order to
reach as many employees as possible, it is recommended that all employees be
approached as if they will have difficulty understanding hazard communication
materials, such as MSDSs (U.S. DHHS, 2010). That being said, it is
recommended that these materials be written in plain language. Plain language
(U.S. DHHS, 2011) encompasses utilizing:
•

common, everyday words, except for necessary technical terms

•

use of personal pronouns and the active voice

•

logical organization

•

easy-to-read and understand design features, such as bullets and tables
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There was also an indication that line length and number of syllables per
sentence affected the participant’s comprehension of MSDS examples.
Specifically, longer line length and words of 3 or more syllables appear to be
associated with poorer comprehension of hazardous material warnings.
Therefore, a recommendation is that MSDSs and other hazard communication
materials be written in shorter sentences and in words of less than 3 syllables.
Although the majority of the participants in this study fell within the
adequate functional health literacy range, research has shown that even literate
workers understand only about 60% of the health and safety information on the
MSDSs associated with the hazardous chemical (Sattler, Lippy, & Jordan, 1997).
People with adequate functional health literacy should be able to read,
understand, and interpret most health texts while those who have marginal or
inadequate functional health literacy will have difficulty reading, understanding,
and interpreting most health materials (Nurss, Parker, Williams, & Baker, 2001).
For those who have lower levels of health literacy, modifications could be made
in the occupational health setting in order to accommodate these workers.
Recommendations include the following: a) rewriting MSDSs into plain language,
b) incorporating the use of pictures, graphic directions, or symbols whenever
possible, c) rewriting MSDSs and other hazard communication materials in
shorter sentences and in words with fewer than 3 syllables, and d) providing
hazard communication training in person and, when unable to do so, providing
important information on CD or DVD format.
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Future Research Recommendations
Additional research is required to determine whether the results reported
as significant in this study can be generalized to other clinics and to the worksite. It would also be of interest to have a more diverse population and to repeat
the study with non-native English speakers. An example would be to repeat the
study with all materials written in Spanish.
Future studies could also include randomly assigning participants to
groups with each group having an MSDS test based on different passages in the
MSDS and not merely the Hazards Identification passage. In addition, future
studies could include a much wider range of readability level of MSDSs and a
much wider range of question difficulty. These features would help to derive
precise estimates of the relationship between reading grade level and
comprehension of MSDS information.
Since OSHA has proposed aligning its Hazard Communication Standard
(HCS) with the Globally Harmonized System of Classification and Labeling of
Chemicals (GHS), future research could include comparing the GHS safety data
sheets with the MSDSs. In addition, studies could include comparing one manner
of delivery (signs, for example) versus written safety data sheets.
Although the data collection tools were tested on four individuals prior to
the start of data collection to confirm usability and clarity, it would be beneficial in
the future to pilot test the MSDS test questions for item difficulty in addition to
usability and clarity. This way, the test questions could be revised as needed
prior to its administration to the participants.
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Chapter Summary
Low literacy levels can pose a serious problem in any setting. When
dealing with the occupational setting and potentially hazardous chemicals, a low
literacy level can be life threatening. This study did indicate that there was a
significant relationship between literacy levels of participants and the overall
score on the MSDS test. It also suggested that as line length and number of
words of 3 syllables or more increased, the participants’ comprehension
decreased. Therefore, written hazard communication material should be written
in short sentences using words that are less than 3 syllables. This way the
likelihood of the material being understood by the worker will be increased.
Further research aimed at understanding exactly how reading grade level and
sentence structure impacts comprehension of hazardous materials information is
needed.
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Appendix F: Material Safety Data Sheet Test Versions A and B
Material Safety Data Sheet Reading Comprehension Questionnaire
Version A
Thank you for agreeing to participate in our research. Please do not put your
name on this booklet. The purpose of this study is to assess how clearly safety
information sheets are written. This is not a test of what you know. We are
interested in the best way to write safety information sheets so that they are easy
for people to understand.
This booklet contains three parts:
PART 1 is a timed test, lasting seven minutes, to gage your reading level. We are
using this test because we need to know if the information sheets are written so
that typical people (not lawyers or chemical engineers) can understand them.
In PART 2 you will read seven examples of safety information about a chemical
found in cleaning supplies and then answer a few questions about what you have
read. You are to read one example, turn the page to answer questions, and then
go on to the next example. Please do not look back at an example once you
have read it.
PART 3 contains a few questions about your background (your age, your job
category, etc.).
Please answer all questions, even if you have to guess. When you are finished,
please return the booklet to the researcher. If you have any questions while
completing the booklet please ask the researcher.
Thank you again for your help with our research study.
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Example #1
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:YES Skin:NO Ingestion:YES
Reports of Carcinogenicity:NTP:NO IARC:NO
OSHA:NO
Health Hazards Acute and Chronic:ACUTE: HARMFUL IF VAPORS INHALED;
CAUSES RESPIRATORY IRRITATION. CONTACT WITH SKIN & EYES
MAY CAUSE IRRITATION. HARMFUL IF SWALLOWED. CHRONIC:
PROLONGED EXPOSURE MAY CAUSE PULMONARY EDEMA.
Explanation of Carcinogenicity:NO INGREDIENT OF A CONCENTRATION OF
0.1% OR GREATER IS LISTED AS A CARCINOGEN OR SUSPECTED
CARCINOGEN.
Effects of Overexposure:INHALED-COUGHING, SNEEZING, SHORTNESS OF
BREATH. SKIN-IRRITATION. EYES-IRRITATION. INGESTED-NONE
STATED, HARMFUL.
Medical Cond Aggravated by Exposure:NONE SPECIFIED BY
MANUFACTURER.
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Questions on Example #1
PLEASE DO NOT look back at the example while answering the questions
below.
1. Routes of Entry: Inhalation:YES
a.
b.
c.
d.

______:NO Ingestion:YES

Injection
Exhalation
Skin
Intoxication

2. CHRONIC: PROLONGED EXPOSURE MAY
__________ PULMONARY EDEMA.
a. PREVENT
b. CAUSE
c. IMPAIR
d. STOP
3. Explanation of Carcinogenicity:NO INGREDIENT OF A CONCENTRATION
OF _________ OR GREATER IS LISTED AS A CARCINOGEN OR
SUSPECTED CARCINOGEN.
a. 0.01%
b. 0.1%
c. 1.0%
d. 10.0%
4. Effects of Overexposure:INHALED-COUGHING, _________, SHORTNESS
OF BREATH.
a. CHOKING
b. ITCHING
c. SNORTING
d. SNEEZING
5. Medical Cond _______________ by Exposure:NONE SPECIFIED BY
MANUFACTURER.
a.
b.
c.
d.

Aggravated
Ameliorated
Improved
Interrupted
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Example #2
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
LD50 LC50 Mixture:NO DATA PROVIDED BY MANUFACTURER
Routes of Entry: Inhalation:YES Skin:YES Ingestion:NO
Health Hazards Acute and Chronic:HARMFUL IF INHALED. CAUSES SKIN
AND EYE IRRITATION. EYES: MAY CAUSE IRRITATION. SKIN: MAY
CAUSE IRRITATION. INGESTION: MAY CAUSE
GASTROINTESTINAL DISCOMFORT. INHALATION. MAY CAUSE
IRRITATION TO RESPIR ATORY TRACT.
Explanation of Carcinogenicity:NO DATA PROVIDED BY MANUFACTURER
Effects of Overexposure:EYES: MAY CAUSE IRRITATION. SKIN: MAY
CAUSE IRRITATION. INGESTION: MAY CAUSE GASTROINTESTINAL
DISCOMFORT. INHALATION. MAY CAUSE IRRITATION TO
RESPIRATORY TRACT.
Medical Cond Aggravated by Exposure:NO DATA AVAILABLE.
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Questions on Example #2
PLEASE DO NOT look back at the example while answering the questions
below.
6. LD50 LC50 Mixture: _________ DATA PROVIDED BY MANUFACTURER
a. SOME
b. PARTIAL
c. NO
d. TOTAL
7. Routes of Entry: ________: YES

Skin: YES Ingestion: NO

a. Inhalation
b. Expiration
c. Exhalation
d. Intoxication
8. Health Hazards Acute and Chronic: ________ IF INHALED.
a.
b.
c.
d.

RISK-FREE
NONTOXIC
HARMLESS
HARMFUL

9. INGESTION: MAY CAUSE ___________________ DISCOMFORT.
a.
b.
c.
d.

MUSCULOSKELETAL
GASTROINTESTINAL
RESPIRATORY
NEUROLOGICAL

10. Effects of Overexposure: EYES: MAY CAUSE _____________.
a.
b.
c.
d.

SCALING
BLISTERING
ITCHING
IRRITATION
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Example #3
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
EMERGENCY OVERVIEW
Appearance: clear light yellow green liquid.
Warning! Causes eye and skin irritation and possible burns.
Target Organs: Eyes, skin, mucous membranes.
Potential Health Effects
Eye: May cause irreversible eye injury. Causes eye irritation and possible burns.
Skin: May cause severe irritation and possible burns.
Ingestion: Causes severe digestive tract burns with abdominal pain, vomiting,
and possible death.
Inhalation: May cause severe irritation of the respiratory tract with sore throat,
coughing, shortness of breath and delayed lung edema.
Chronic: Chronic inhalation and ingestion may cause effects similar to those of
acute inhalation and ingestion. Human systemic effects by ingestion:
somnolence, blood pressure lowering, corrosive to skin, nausea or
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Questions on Example #3
PLEASE DO NOT look back at the example while answering the questions
below.
11. Appearance: clear light ________ green liquid.
a. yellow
b. orange
c. brown
d. blue
12. Eye: May cause ___________ eye injury.
a.
b.
c.
d.

reversible
semi-permanent
irreversible
temporary

13. Ingestion: Causes severe digestive tract burns with abdominal pain,
vomiting, and possible ___________.
a. relapse
b. death
c. recovery
d. discovery
14. Inhalation: May cause severe irritation of the respiratory tract with sore
throat, coughing, shortness of breath and ________ lung edema.
a.
b.
c.
d.

immediate
acute
instant
delayed

15. Chronic: Chronic inhalation and ingestion may cause effects __________ to
those of acute inhalation and ingestion.
a.
b.
c.
d.

dissimilar
similar
unlike
different
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Example #4
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:NO Skin:YES Ingestion:NO
Reports of Carcinogenicity:NTP:NO IARC:NO
OSHA:NO
Health Hazards Acute and Chronic:SKIN: PROLONGED CONTACT CAN
CAUSE CHEMICAL BURN.
Explanation of Carcinogenicity:NONE
Effects of Overexposure:SKIN: PROLONGED CONTACT CAN CAUSE
CHEMICAL BURN.
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Questions on Example #4
PLEASE DO NOT look back at the example while answering the questions
below.
16. Routes of Entry: Inhalation:NO Skin:YES Ingestion:_________
a.
b.
c.
d.

YES
STOMACH
NO
SKIN

17. Reports of Carcinogenicity: NTP:NO

_____:NO

OSHA:NO

a. IARC
b. AIRC
c. ASSE
d. NIOSH
18. Health Hazards Acute and Chronic: SKIN: PROLONGED CONTACT
_______ CAUSE CHEMICAL BURN.
a. DOES NOT
b. WILL NOT
c. CANNOT
d. CAN
19. ____________ of Carcinogenicity:NONE
a. Extrapolation
b. Explanation
c. Evidence
d. Elaboration
20. Effects of ___________:SKIN: PROLONGED CONTACT CAN CAUSE
CHEMICAL BURN.
a. Overexposure
b. Underexposure
c. Disclosure
d. Revelation
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Example #5
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:Yes Skin:Yes Ingestion:Yes
Reports of Carcinogenicity:NTP:No IARC:No
OSHA:No
Health Hazards Acute and Chronic:Ingestion: May cause irritation of the
membranes of the mouth and throat, stomach pain and possible
ulceration., Inhalation: May cause irritation to the mucous
membranes of the respiratory tract., Skin: May cause moderate skin
irritation and reddening of the skin., Eyes: May cause severe
irritation., Summary of Chronic Health Hazards: Irritating effects
increase with strength of solution and time of exposure. NFPA
Rating: Health - 2; Fire - 0; Reactivity - 1 0=Insignificant
1=Slight 2=Moderate 3=High 4=Extreme
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Questions on Example #5
PLEASE DO NOT look back at the example while answering the questions
below.
21. Health Hazards Acute and Chronic: Ingestion: May cause irritation of the
________ of the mouth and throat, stomach pain and possible
ulceration.
a.
b.
c.
d.

tonsils
teeth
maxilla
membranes

22. Inhalation: May cause irritation to the ________ membranes of the
respiratory tract.
a. allergic
b. inflamed
c. mucous
d. swollen
23. Skin: May cause _________ skin irritation and reddening of the skin.
a.
b.
c.
d.

moderate
minor
severe
slight

24. Summary of Chronic Health Hazards: Irritating effects __________ with
strength of solution and time of exposure.
a. decrease
b. lessen
c. increase
d. abate
25. NFPA Rating: Health - _____; Fire - 0; Reactivity - 1 0=Insignificant
1=Slight 2=Moderate 3=High 4=Extreme
a. 1
b. 2
c. 3
d. 4
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Example #6
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:YES Skin:YES Ingestion:YES
Reports of Carcinogenicity:NTP:NO IARC:NO
OSHA:NO
Health Hazards Acute and Chronic:HARMFUL IF INGESTED,
INHALED/ABSORBED THROUGH SKIN. EXTREMELY DESTRUCTIVE
TO TISSUE OF THE MUCOUS MEMBRANES & UPPER RESPIRATORY
TRACT, EYES/SKIN. INHALATION: FATAL, RESULTING IN EDEMA
OF THE LARYNX, B RONCHI, CHEMICAL PNEUMONITIS &
PULMONARY EDEMA.
Explanation of Carcinogenicity:NONE
Effects of Overexposure:SPASM, INFLAMMATION, BURNING SENSATION,
COUGHING, WHEEZING, LARYNGITIS, SHORTNESS OF BREATH,
HEADACHE, NAUSEA, VOMITING.
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Questions on Example #6
PLEASE DO NOT look back at the example while answering the questions
below.
26. Health Hazards Acute and Chronic: HARMFUL IF INGESTED,
INHALED/_________THROUGH SKIN.
a.
b.
c.
d.

EXPIRED
EXHALED
ABSORBED
APPENDED

27. ___________ DESTRUCTIVE TO TISSUE OF THE MUCOUS
MEMBRANES & UPPER RESPIRATORY TRACT, EYES/SKIN.
a. HIGHLY
b. MODERATELY
c. SLIGHTLY
d. EXTREMELY
28. INHALATION: FATAL, RESULTING IN EDEMA OF THE LARYNX,
B RONCHI, CHEMICAL ____________ & PULMONARY EDEMA.
a. PNEUMONITIS
b. POLIOMYELITIS
c. ARTHRITIS
d. PNEUMOTHORAX
29. Explanation of ________:NONE
a. Toxicity
b. Mutagenicity
c. Carcinogenicity
d. Genotoxicity
30. Effects of Overexposure:SPASM, INFLAMMATION, __________
SENSATION, COUGHING, WHEEZING, LARYNGITIS, SHORTNESS
OF BREATH, HEADACHE, NAUSEA, VOMITING.
a. COOL
b. BURNING
c. NUMB
d. FREEZING
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Example #7
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:YES Skin:YES Ingestion:YES
Health Hazards Acute and Chronic:CAUSES CAUSTIC BURNS. MAY BE
HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
CAUSES EYE AND SKIN IRRTANT. MATERIAL IS IRRITATING TO
MUCOUS MEMBRANES AND UPPER RESPIRATORY TRACT.
Effects of Overexposure:CAUSES CAUSTIC BURNS. MAY BE HARMFUL BY
INHALATION, INGESTION, OR SKIN ABSORPTION. CAUSES EYE
AND SKIN IRRTANT. MATERIAL IS IRRITATING TO MUCOUS
MEMBRANES AND UPPER RESPIRATORY TRACT.
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Questions on Example #7
PLEASE DO NOT look back at the example while answering the questions
below.
31. Routes of _______: Inhalation:YES Skin:YES Ingestion:YES
a.
b.
c.
d.

Exhaust
Exit
Egress
Entry

32. Health Hazards Acute and Chronic: CAUSES _________ BURNS.
a.
b.
c.
d.

STATIC
CAUSTIC
VAPOR
STEAM

33. MAY BE ________ BY INHALATION, INGESTION, OR SKIN ABSORPTION.
a.
b.
c.
d.

HARMFUL
HELPFUL
USEFUL
HARMLESS

34. CAUSES EYE _______ SKIN IRRTANT.
a.
b.
c.
d.

OR
NOR
AND
NOT

35. MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND _______
RESPIRATORY TRACT.
a.
b.
c.
d.

LOWER
MIDDLE
UPPER
INTERIOR

When you are done answering the questions, please turn in your papers to the
investigator. Thank you for your time.
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Answer Key Version A
Example #1
Question
1
2
3
4
5

Example #2
Answer
c (Skin)
b (CAUSE)
b (0.1%)
d (SNEEZING)
a (Aggravated)

Example #3
Question
11
12
13
14
15

Answer
a (yellow)
c (irreversible)
b (death)
d (delayed)
b (similar)

Question
16
17
18
19
20

Answer
c (NO)
a (IARC)
d (CAN)
b (Explanation)
a (Overexposure)

Example #6
Answer
d (membranes)
c (mucous)
a (moderate)
c (increase)
b (2)

Question
26
27
28
29
30

Example #7
Question
31
32
33
34
35

Answer
c (NO)
a (Inhalation)
d (HARMFUL)
b (GASTROINTESTINAL)
d (IRRITATION)

Example #4

Example #5
Question
21
22
23
24
25

Question
6
7
8
9
10

Answer
d (Entry)
b (CAUSTIC)
a (HARMFUL)
c (SKIN)
c (UPPER)
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Answer
c (ABSORBED)
d (EXTREMELY)
a (PNEUMONITIS)
c (Carcinogenicity)
b (BURNING)

Material Safety Data Sheet Reading Comprehension Questionnaire
Version B
Thank you for agreeing to participate in our research. Please do not put your
name on this booklet. The purpose of this study is to assess how clearly safety
information sheets are written. This is not a test of what you know. We are
interested in the best way to write safety information sheets so that they are easy
for people to understand.
This booklet contains three parts:
PART 1 is a timed test, lasting seven minutes, to gage your reading level. We are
using this test because we need to know if the information sheets are written so
that typical people (not lawyers or chemical engineers) can understand them.
In PART 2 you will read seven examples of safety information about a chemical
found in cleaning supplies and then answer a few questions about what you have
read. You are to read one example, turn the page to answer questions, and then
go on to the next example. Please do not look back at an example once you
have read it.
PART 3 contains a few questions about your background (your age, your job
category, etc.).
Please answer all questions, even if you have to guess. When you are finished,
please return the booklet to the researcher. If you have any questions while
completing the booklet please ask the researcher.
Thank you again for your help with our research study.

147

Example #1
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:YES Skin:YES Ingestion:YES
Health Hazards Acute and Chronic:CAUSES CAUSTIC BURNS. MAY BE
HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
CAUSES EYE AND SKIN IRRTANT. MATERIAL IS IRRITATING TO
MUCOUS MEMBRANES AND UPPER RESPIRATORY TRACT.
Effects of Overexposure:CAUSES CAUSTIC BURNS. MAY BE HARMFUL BY
INHALATION, INGESTION, OR SKIN ABSORPTION. CAUSES EYE
AND SKIN IRRTANT. MATERIAL IS IRRITATING TO MUCOUS
MEMBRANES AND UPPER RESPIRATORY TRACT.
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Questions on Example #1
PLEASE DO NOT look back at the example while answering the questions
below.
1. Routes of _______: Inhalation:YES Skin:YES Ingestion:YES
e.
f.
g.
h.

Exhaust
Exit
Egress
Entry

2. Health Hazards Acute and Chronic: CAUSES _________ BURNS.
e.
f.
g.
h.

STATIC
CAUSTIC
VAPOR
STEAM

3. MAY BE ________ BY INHALATION, INGESTION, OR SKIN ABSORPTION.
e.
f.
g.
h.

HARMFUL
HELPFUL
USEFUL
HARMLESS

4. CAUSES EYE _______ SKIN IRRTANT.
e.
f.
g.
h.

OR
NOR
AND
NOT

5. MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND _______
RESPIRATORY TRACT.
e.
f.
g.
h.

LOWER
MIDDLE
UPPER
INTERIOR
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Example #2
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:YES Skin:YES Ingestion:YES
Reports of Carcinogenicity:NTP:NO IARC:NO
OSHA:NO
Health Hazards Acute and Chronic:HARMFUL IF INGESTED,
INHALED/ABSORBED THROUGH SKIN. EXTREMELY DESTRUCTIVE
TO TISSUE OF THE MUCOUS MEMBRANES & UPPER RESPIRATORY
TRACT, EYES/SKIN. INHALATION: FATAL, RESULTING IN EDEMA
OF THE LARYNX, B RONCHI, CHEMICAL PNEUMONITIS &
PULMONARY EDEMA.
Explanation of Carcinogenicity:NONE
Effects of Overexposure:SPASM, INFLAMMATION, BURNING SENSATION,
COUGHING, WHEEZING, LARYNGITIS, SHORTNESS OF BREATH,
HEADACHE, NAUSEA, VOMITING.
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Questions on Example #2
PLEASE DO NOT look back at the example while answering the questions
below.
6. Health Hazards Acute and Chronic: HARMFUL IF INGESTED,
INHALED/_________THROUGH SKIN.
e.
f.
g.
h.

EXPIRED
EXHALED
ABSORBED
APPENDED

7. ___________ DESTRUCTIVE TO TISSUE OF THE MUCOUS
MEMBRANES & UPPER RESPIRATORY TRACT, EYES/SKIN.
a. HIGHLY
b. MODERATELY
c. SLIGHTLY
d. EXTREMELY
8. INHALATION: FATAL, RESULTING IN EDEMA OF THE LARYNX,
B RONCHI, CHEMICAL ____________ & PULMONARY EDEMA.
a. PNEUMONITIS
b. POLIOMYELITIS
c. ARTHRITIS
d. PNEUMOTHORAX
9. Explanation of ________:NONE
a. Toxicity
b. Mutagenicity
c. Carcinogenicity
d. Genotoxicity
10. Effects of Overexposure:SPASM, INFLAMMATION, __________
SENSATION, COUGHING, WHEEZING, LARYNGITIS, SHORTNESS
OF BREATH, HEADACHE, NAUSEA, VOMITING.
a. COOL
b. BURNING
c. NUMB
d. FREEZING
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Example #3
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:Yes Skin:Yes Ingestion:Yes
Reports of Carcinogenicity:NTP:No IARC:No
OSHA:No
Health Hazards Acute and Chronic:Ingestion: May cause irritation of the
membranes of the mouth and throat, stomach pain and possible
ulceration., Inhalation: May cause irritation to the mucous
membranes of the respiratory tract., Skin: May cause moderate skin
irritation and reddening of the skin., Eyes: May cause severe
irritation., Summary of Chronic Health Hazards: Irritating effects
increase with strength of solution and time of exposure. NFPA
Rating: Health - 2; Fire - 0; Reactivity - 1 0=Insignificant
1=Slight 2=Moderate 3=High 4=Extreme
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Questions on Example #3
PLEASE DO NOT look back at the example while answering the questions
below.
11. Health Hazards Acute and Chronic: Ingestion: May cause irritation of the
________ of the mouth and throat, stomach pain and possible
ulceration.
e.
f.
g.
h.

tonsils
teeth
maxilla
membranes

12. Inhalation: May cause irritation to the ________ membranes of the
respiratory tract.
a. allergic
b. inflamed
c. mucous
d. swollen
13. Skin: May cause _________ skin irritation and reddening of the skin.
e.
f.
g.
h.

moderate
minor
severe
slight

14. Summary of Chronic Health Hazards: Irritating effects __________ with
strength of solution and time of exposure.
a. decrease
b. lessen
c. increase
d. abate
15. NFPA Rating: Health - _____; Fire - 0; Reactivity - 1 0=Insignificant
1=Slight 2=Moderate 3=High 4=Extreme
a. 1
b. 2
c. 3
d. 4
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Example #4
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:NO Skin:YES Ingestion:NO
Reports of Carcinogenicity:NTP:NO IARC:NO
OSHA:NO
Health Hazards Acute and Chronic:SKIN: PROLONGED CONTACT CAN
CAUSE CHEMICAL BURN.
Explanation of Carcinogenicity:NONE
Effects of Overexposure:SKIN: PROLONGED CONTACT CAN CAUSE
CHEMICAL BURN.
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Questions on Example #4
PLEASE DO NOT look back at the example while answering the questions
below.
16. Routes of Entry: Inhalation:NO Skin:YES Ingestion:_________
e.
f.
g.
h.

YES
STOMACH
NO
SKIN

17. Reports of Carcinogenicity: NTP:NO

_____:NO

OSHA:NO

a. IARC
b. AIRC
c. ASSE
d. NIOSH
18. Health Hazards Acute and Chronic: SKIN: PROLONGED CONTACT
_______ CAUSE CHEMICAL BURN.
a. DOES NOT
b. WILL NOT
c. CANNOT
d. CAN
19. ____________ of Carcinogenicity:NONE
a. Extrapolation
b. Explanation
c. Evidence
d. Elaboration
20. Effects of ___________:SKIN: PROLONGED CONTACT CAN CAUSE
CHEMICAL BURN.
a. Overexposure
b. Underexposure
c. Disclosure
d. Revelation
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Example #5
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
EMERGENCY OVERVIEW
Appearance: clear light yellow green liquid.
Warning! Causes eye and skin irritation and possible burns.
Target Organs: Eyes, skin, mucous membranes.
Potential Health Effects
Eye: May cause irreversible eye injury. Causes eye irritation and possible burns.
Skin: May cause severe irritation and possible burns.
Ingestion: Causes severe digestive tract burns with abdominal pain, vomiting,
and possible death.
Inhalation: May cause severe irritation of the respiratory tract with sore throat,
coughing, shortness of breath and delayed lung edema.
Chronic: Chronic inhalation and ingestion may cause effects similar to those of
acute inhalation and ingestion. Human systemic effects by ingestion:
somnolence, blood pressure lowering, corrosive to skin, nausea or
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Questions on Example #5
PLEASE DO NOT look back at the example while answering the questions
below.
21. Appearance: clear light ________ green liquid.
a. yellow
b. orange
c. brown
d. blue
22. Eye: May cause ___________ eye injury.
e.
f.
g.
h.

reversible
semi-permanent
irreversible
temporary

23. Ingestion: Causes severe digestive tract burns with abdominal pain,
vomiting, and possible ___________.
a. relapse
b. death
c. recovery
d. discovery
24. Inhalation: May cause severe irritation of the respiratory tract with sore
throat, coughing, shortness of breath and ________ lung edema.
e.
f.
g.
h.

immediate
acute
instant
delayed

25. Chronic: Chronic inhalation and ingestion may cause effects __________ to
those of acute inhalation and ingestion.
e.
f.
g.
h.

dissimilar
similar
unlike
different
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Example #6
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
LD50 LC50 Mixture:NO DATA PROVIDED BY MANUFACTURER
Routes of Entry: Inhalation:YES Skin:YES Ingestion:NO
Health Hazards Acute and Chronic:HARMFUL IF INHALED. CAUSES SKIN
AND EYE IRRITATION. EYES: MAY CAUSE IRRITATION. SKIN: MAY
CAUSE IRRITATION. INGESTION: MAY CAUSE
GASTROINTESTINAL DISCOMFORT. INHALATION. MAY CAUSE
IRRITATION TO RESPIR ATORY TRACT.
Explanation of Carcinogenicity:NO DATA PROVIDED BY MANUFACTURER
Effects of Overexposure:EYES: MAY CAUSE IRRITATION. SKIN: MAY
CAUSE IRRITATION. INGESTION: MAY CAUSE GASTROINTESTINAL
DISCOMFORT. INHALATION. MAY CAUSE IRRITATION TO
RESPIRATORY TRACT.
Medical Cond Aggravated by Exposure:NO DATA AVAILABLE.
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Questions on Example #6
PLEASE DO NOT look back at the example while answering the questions
below.
26. LD50 LC50 Mixture: _________ DATA PROVIDED BY MANUFACTURER
a. SOME
b. PARTIAL
c. NO
d. TOTAL
27. Routes of Entry: ________: YES

Skin: YES Ingestion: NO

a. Inhalation
b. Expiration
c. Exhalation
d. Intoxication
28. Health Hazards Acute and Chronic: ________ IF INHALED.
e.
f.
g.
h.

RISK-FREE
NONTOXIC
HARMLESS
HARMFUL

29. INGESTION: MAY CAUSE ___________________ DISCOMFORT.
e.
f.
g.
h.

MUSCULOSKELETAL
GASTROINTESTINAL
RESPIRATORY
NEUROLOGICAL

30. Effects of Overexposure: EYES: MAY CAUSE _____________.
e.
f.
g.
h.

SCALING
BLISTERING
ITCHING
IRRITATION
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Example #7
Please read the following information sheet carefully and then turn the page to
answer the questions without looking back.
Routes of Entry: Inhalation:YES Skin:NO Ingestion:YES
Reports of Carcinogenicity:NTP:NO IARC:NO
OSHA:NO
Health Hazards Acute and Chronic:ACUTE: HARMFUL IF VAPORS INHALED;
CAUSES RESPIRATORY IRRITATION. CONTACT WITH SKIN & EYES
MAY CAUSE IRRITATION. HARMFUL IF SWALLOWED. CHRONIC:
PROLONGED EXPOSURE MAY CAUSE PULMONARY EDEMA.
Explanation of Carcinogenicity:NO INGREDIENT OF A CONCENTRATION OF
0.1% OR GREATER IS LISTED AS A CARCINOGEN OR SUSPECTED
CARCINOGEN.
Effects of Overexposure:INHALED-COUGHING, SNEEZING, SHORTNESS OF
BREATH. SKIN-IRRITATION. EYES-IRRITATION. INGESTED-NONE
STATED, HARMFUL.
Medical Cond Aggravated by Exposure:NONE SPECIFIED BY
MANUFACTURER.
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Questions on Example #7
PLEASE DO NOT look back at the example while answering the questions
below.
31. Routes of Entry: Inhalation:YES
e.
f.
g.
h.

______:NO Ingestion:YES

Injection
Exhalation
Skin
Intoxication

32. CHRONIC: PROLONGED EXPOSURE MAY
__________ PULMONARY EDEMA.
a. PREVENT
b. CAUSE
c. IMPAIR
d. STOP
33. Explanation of Carcinogenicity:NO INGREDIENT OF A CONCENTRATION
OF _________ OR GREATER IS LISTED AS A CARCINOGEN OR
SUSPECTED CARCINOGEN.
a. 0.01%
b. 0.1%
c. 1.0%
d. 10.0%
34. Effects of Overexposure:INHALED-COUGHING, _________, SHORTNESS
OF BREATH.
a. CHOKING
b. ITCHING
c. SNORTING
d. SNEEZING
35. Medical Cond _______________ by Exposure:NONE SPECIFIED BY
MANUFACTURER.
e. Aggravated
f. Ameliorated
g. Improved
h. Interrupted
When you are done answering the questions, please turn in your papers to the
investigator. Thank you for your time.
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Answer Key Version B
Example #1
Question
1
2
3
4
5

Example #2
Answer
d (Entry)
b (CAUSTIC)
a (HARMFUL)
c (SKIN)
c (UPPER)

Example #3
Question
11
12
13
14
15

Answer
d (membranes)
c (mucous)
a (moderate)
c (increase)
b (2)

Question
16
17
18
19
20

Answer
c (NO)
a (IARC)
d (CAN)
b (Explanation)
a (Overexposure)

Example #6
Answer
a (yellow)
c (irreversible)
b (death)
d (delayed)
b (similar)

Question
26
27
28
29
30

Example #7
Question
31
32
33
34
35

Answer
c (ABSORBED)
d (EXTREMELY)
a (PNEUMONITIS)
c (Carcinogenicity)
b (BURNING)

Example #4

Example #5
Question
21
22
23
24
25

Question
6
7
8
9
10

Answer
c (Skin)
b (CAUSE)
b (0.1%)
d (SNEEZING)
a (Aggravated)
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Answer
c (NO)
a (Inhalation)
d (HARMFUL)
b (GASTROINTESTINAL)
d (IRRITATION)

Appendix G: Demographic Sheet

Literacy and Hazard Communication Comprehension of
Employees Presenting to an Occupational Health Clinic
Demographic Sheet
Age: ___________
Highest Grade Level Completed in school:
___________________________________________
What is your first language?

English __________
Spanish __________
Other (please specify) _____________________

Check the category that best describes your job:
Management
Business and
Financial
Operations
Computer and
Mathematical
Architecture and
Engineering
Life, Physical,
and Social
Science
Community and
Social Services
Legal
Education,
Training, and
Library

Arts, Design,
Entertainment, Sports,
and Media
Healthcare Practitioners
and Technical

Office and
Administrative
Support
Farming, Fishing,
and Forestry

Healthcare Support

Construction and
Extraction
Installation,
Maintenance, and
Repair
Production

Protective Service
Food Preparation and
Serving Related
Building and Grounds
Cleaning and
Maintenance
Personal Care and
Service
Sales and Related
Occupations
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Transportation and
Material Moving
Military Specific
Other (please
specify)

Appendix H: Raffle Drawing Sheet
MATERIAL SAFETY DATA SHEET READING COMPREHENSION
QUESTIONNAIRE DRAWING INFORMATION SHEET

Thank you for taking part in our study. As a token of our thanks, you have the chance to
win one of three $100.00 Visa gift cards. If you would like to be entered into the drawing,
please complete the form below about how best to contact you if you win. The drawing
information sheet will be kept totally separate from the booklet. This will keep your
responses to the booklet 100% anonymous and private. The drawing will occur at the end
of the study.
Please complete the form below, remove it from the booklet, and deposit it in the
designated box.
Name: __________________________________________________________
Address: _________________________________________________________
City: __________________________________
Zip: ________________
Phone: _____________________________
e-mail: ______________________________
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State: _________________

Appendix I: Material Safety Data Sheet (Aldon Corporation)
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Appendix J: Material Safety Data Sheet (Carolina Biological Supply Co.)

168

169

170

171

Appendix K: Material Safety Data Sheet (Fisher Scientific)
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Appendix L: Material Safety Data Sheet (Henry Schein Inc.)
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Appendix M: Material Safety Data Sheet (Hills Brothers Chemical Co.)
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Appendix N: Material Safety Data Sheet (Sigma Chemical Company)
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Appendix O: Material Safety Data Sheet (Sultan Chemists Inc.)
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